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FOREWORD 5 

This F i n a l  Report f o r  a Study of Cloud P a t t e r n s  a s  Seen by 

Meteorological S a t e l l i t e s  was prepared by t h e  Information Sciences 

Center, The Budd Company, McLean, Vi rg in ia ,  f o r  t h e  Goddard Space 

F l i g h t  Center, Nat iona l  Aeronautics and Space Administration, Green- 

b e l t ,  Maryland, under NASA Contract NAS5- 3461. The c o n t r a c t  pe r iod  

extended from J u l y  1, 1963 through September 30, 1964. 

P r i n c i p a l  i n v e s t i g a t o r s  on t h e  s tudy  were Dr. Azriel  Rosenfeld, 

p r o j e c t  l eade r  and s p e c i a l i s t  i n  image processing;  Dr . Charles Fr ied,  

r e sea rch  experimental  psychologis t ;  and M r .  James N. Orton, e l e c t r o n i c  

d a t a  processing systems ana lys t .  Other con t r ibu to r s  t o  t h e  s tudy  were 

Messrs. Ernes t  Smith and Bernard Altschuler ,  computer programmers; 

M r .  James Prevel,  psychological r e sea rch  a s s i s t a n t ;  and M r .  Andrew 

Pilipchuk, e l e c t r o n i c s  engineer.  Dr. R. M. Schotland of N e w  York 

Univers i ty  served a s  meteorological consu l t an t  t o  the study. 

Mr. J. H. Conover of the Office of Aerospace Research, A i r  Force 

Cambridge Research Laboratories,  Bedford, Massachusetts, provided 

a s s i s t a n c e  i n  the prepara t ion  of TIROS cloud p i c t u r e  nephanalyses. 

The cooperat ion of t h e  Goddard Space F l i g h t  Center and t h e  

I n s t i t u t e  f o r  Space Studies ,  NASA, i n  providing TIROS cloud p i c t u r e s  

and r e l a t e d  ma te r i a l s  f o r  the s tudy i s  g r a t e f u l l y  acknowledged. 
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VOLUME I 

Cloud P a t t e r n  C l a s s i f i c a t i o n  and Discr imina t ion  

1 1 1 4 5  

ABSTRACT 

This volume introduces and summarizes s t u d i e s  of TIROS 

cloud patternS.-,perf ormed under Contract  NAS5-  3461. P a s t  

approaches t o  c loud p a t t e r n  c l a s s i f i c a t i o n  a r e  reviewed, and 

an approach proposed which appears t o  be compatible wi th  auto- 

mat ic  cloud p i c t u r e  ana lys i s .  

t h e  bas i c  c l a s s i f i c a t i o n  parameters i s  b r i e f l y  considered.  

Techniques f o r  automatic d i sc r imina t  ion  of "so l id"  from "broken" 

cloud cover on cloud p i c t u r e s  a r e  descr ibed .  

of r e p o r t s  and papers on TIROS p i c t u r e  i n t e r p r e t a t i o n  which 

appeared du r ing  t h e  period January 1963 - June 1964 i s  a l s o  

The o b j e c t i v e  measu rab i l i t y  of 

A bibl iography 

included.  



VOLUME I 

TABLE OF CONTENTS 

1. General in t roduc t ion  

1.1 Scope of t h i s  r epor t  

1 .2  Background of the  program 

1.3 Scope of t he  program 

1.3.1 Phase I 

1.3.2 Phase I1 

1.3.3 Phase I11 

1.4 Summary of accomplishments 

2. Cloud p a t t e r n  c l a s s i f i c a t i o n  

2 . 1  Need f o r  object ive c l a s s i f i c a t i o n  

2.2 P a s t  approaches t o  c l a s s i f i c a t i o n  

2.3 An objec t ive  cloud p a t t e r n  d e s c r i p t i o n  
system 

2.4 Objective measurement of cloud p a t t e r n  
parameters 

2.5 Limitat ions on objec t ive  cloud p a t t e r n  
c l a s s i f i c a t i o n  

3. Cloud pa t t e rn  d iscr imina t ion  

3 .1  Approach 

3.2 F e a s i b i l i t y  

4. New t echno low 

5. Conclusions and recommendations 

References 

Page 
1 

1 

2 

6 

6 

6 

6 

7 

9 

9 

1 0  

15  

19  

2 1  

24 

24 

27 

29 

3Q 

35 

Appendix: I n t e r p r e t a t i o n  of TIROS p i c t u r e s  - an  
Annotated Bibliography (January,3963 - 
June,  1964) 

ii 



. .  

VOLUME I 

LIST OF FIGURES 

Followinq Paqe F i su re  

1. Cloud Cover C l a s s i f i c a t i o n  Decision Tree 16  

2. Shapes Which Differ i n  Elongation 29 
, 

3. Elongation and the Self I n t e r s e c t i o n  Locus 21 

iii 



. .  

1. General  In t roduc t ion  

1.1 Scope of t h i s  r e p o r t  

This F i n a l  Report descr ibes  s t u d i e s  of human and automatic 

i n t e r p r e t a t i o n  of TIROS cloud cover p i c t u r e s  performed dur ing  

t h e  per iod  1 J u l y  1963 through 30 September 1964. 

The r e p o r t  c o n s i s t s  of four  volumes. The f i r s t  volume 

con ta ins  a gene ra l  in t roduct ion  t o  t h e  s tudy  program and a 

summary of i t s  major accomplishments; a d i scuss ion  of approaches 

t o  c loud cover c l a s s i f i c a t i o n  and t h e i r  s u i t a b i l i t y  f o r  auto- 

mation; a d e s c r i p t i o n  of a proposed approach t o  automatic 

d i sc r imina t ion  among bas i c  cloud cover types  on TIROS p i c t u r e s ;  

an annotated bibl iography on TIROS p i c t u r e  i n t e r p r e t a t i o n  f o r  

1963 through mid 1964; and a s ta tement  of t h e  gene ra l  conclusions 

which can be drawn f r o m t h e  r e s u l t s  of t h e  program, p a r t i c u l a r l y  

a s  t o  t h e  f e a s i b i l i t y  of automatic cloud p i c t u r e  i n t e r p r e t a t i o n .  

The second volume descr ibes  a series of q u a n t i t a t i v e  s t u d i e s  

of TIROS p i c t u r e  annotation, cloud p a t t e r n  d i sc r imina t ion  and 

c l a s s i f i c a t i o n ,  and judgments of bas i c  cloud p a t t e r n  parameters 

by i n t e r p r e t e r s ;  these s tud ie s  provide important information about 

t h e  p o s s i b i l i t y  of automatic cloud p a t t e r n  d iscr imina t  ion, c l a s s i -  

f i ca t ion ,  and desc r ip t ion .  

The t h i r d  volume contains d e t a i l e d  desc r ip t ions  of two computer 

programs which were developed f o r  ana lyz ing  t h e  a reas  and shapes of 

connected reg ions  on a r b i t r a r y  p i c t u r e s ;  and t h e  r e s u l t s  of applying 

t h e s e  programs t o  d i g i t i z e d  TIROS p i c t u r e s  and nephanalyses. 

1 
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The four th  volume desc r ibes  two computer programs which were 

developed f o r  d e l i n e a t i n g  t h e  "so l id"  reg ions  on a r b i t r a r y  p i c tu re s ,  

and t h e  r e s u l t s  of applying t h e s e  programs t o  d i g i t i z e d  TIROS p i c t u r e s  

a s  a preliminary s t e p  toward automatic cloud cover d i sc r imina t ion  and 

nephanalysis.  

The four  volumes a r e  bound i n  two sec t ions ,  Volumes I and I1 i n  

t h e  f i r s t  sec t ion  and Volumes I11 and I V  i n  t h e  second. Volumes I and 

I1 include the  d e f i n i t i o n  of l o g i c a l  and psychological  concepts u t i l i z e d  

i n  t h e  development of t h e  computer programs f o r  cloud p i c t u r e  a n a l y s i s  

descr ibed i n  Volumes I11 and I V .  

1 . 2  Background of t h e  program 

f 

From the e a r l i e s t  days of t h e  TIROS program, much a t t e n t i o n  has 

been given t o  t h e  p o s s i b i l i t y  of au tomat ica l ly  process ing  TIROS cloud 

p i c t u r e s .  

s a t e l l i t e s  becomes a r e a l i t y ,  automation may become very important i n  

achiev ing  optimum da ta  u t i l i z a t i o n .  

When an o p e r a t i o n a l  network of cloud cover observat ion 

The problem of TIROS p i c t u r e  process ing  has  two aspec t s :  geo- 

m e t r i c a l  and i n t e r p r e t a t i o n a l .  Geometrical  p rocess ing  involves  such 

t a s k s  a s  r e c t i f i c a t i o n  and determinat ion of geographic l o c a t i o n ;  it 

w i l l  not  be discussed i n  t h i s  report- .  

two t a s k s  may be d i s t ingu i shed :  

I n  i n t e r p r e t a t i o n a l  processing, 

( a )  
(b )  The meteorological  i n t e r p r e t a t i o n  of cloud 

The p o s s i b i l i t y  of au tomat ica l ly  d i s c r i m i n a t i n g  between cloud 

The d i sc r imina t ion  between cloud and non-cloud 

cover p a t t e r n s  

and non-cloud on 

and o t h e r s ;  t h i s  

T D O S  p i c t u r e s  has been d iscussed  by Arking (1964) 

problem w i l l  not be d iscussed  f u r t h e r  i n  t h i s  r e p o r t .  

2 



( I t  should be recognized, i nc iden ta l ly ,  t h a t  i n  many cases  p a t t e r n  and 

contex t  a l s o  play a r o l e  i n  cloud/non-cloud d i sc r imina t ions  by human 

observers . )  I n  order  t o  avoid having t o  cope with t h i s  problem i n  t h e  

s t u d i e s  descr ibed i n  t h i s  report ,  TIROS p i c t u r e s  without v i s i b l e  ground 

images were used. 

The problem of i n t e r p r e t i n g  cloud p a t t e r n s  a s  seen by TIROS has 

long  been of i n t e r e s t  t o  workers i n  t h e  automatic p a t t e r n  r ecogn i t ion  

f i e l d .  Applicat ions of automatic TIROS p i c t u r e  i n t e r p r e t a t i o n ,  i f  

f e a s i b l e  include 

( a )  

( b )  

Automatic indexing and r e t r i e v a l  of TIROS p i c t u r e s  
by conten t  

Automatic screening of TIROS p i c t u r e s  t o  s i n g l e  
out those  of probable meteorological  s i g n i f i c a n c e  
f o r  d e t a i l e d  a n a l y s i s  by humans 

Automatic on-board processing of TIROS video d a t a  
s o  t h a t  only important information i s  t r ansmi t t ed  

( c )  

The a p p l i c a t i o n  of automatic recogni t ion  techniques t o  TIROS 

p i c t u r e s  i s  c u r r e n t l y  being s tudied  by t h e  Rand Corpora t i on under 

NASA sponsorship.  I n  t h e  Rand s tud ie s ,  numerical  parameters which 

should provide important recogni t ion  c lues  a r e  being computed f o r  a 

c o l l e c t i o n  of cloud cover samples s e l e c t e d  from high- reso lu t ion  TIROS 

p i c t u r e s .  These samples were chosen t o  conta in  only one type of cloud 

cover each; a s  a check on t h e i r  adequacy f o r  r ecogn i t ion  purposes, 

it was v e r i f i e d  t h a t  they could be c o r r e c t l y  c l a s s i f i e d  by human 

observers .  

I n  order  t o  apply t h e  r e s u l t s  of t h e  Rand s t u d i e s  t o  t h e  

automatic a n a l y s i s  of e n t i r e  TIROS p i c t u r e s  - s p e c i f i c a l l y ,  

3 



t o  the  production of nephanalyses or  similar maps from such 

p ic tures  - t he  s i z e  of t he  p i c t u r e  samples which are analyzed 

must be small enough t o  f i t  i n s i d e  t h e  reg ions  on the maps. 

This condi t ion may no t  be e a s i l y  f u l f i l l e d ;  f o r  example, 

t h e r e  may e x i s t  important regions (such a s  long, t h i n  cloud I 

bands o r  s t reets)  which are very small i n  one dimension. 

sample s i z e  which i s  small enough t o  d e t e c t  t h i n  cloud bands 

w i l l  general ly  be t o o  small t o  y i e l d  r ep resen ta t ive  d a t a  on 

a region composed of large "cloud cel ls ."  

Another poss ib le  l i m i t a t i o n  on t h e  a p p l i c a b i l i t y  of 

A 

t h e  Rand s t u d i e s  t o  t h e  processing of e n t i r e  TIROS p i c t u r e s  i s  

suggested by t h e  f a c t  t h a t  the i d e n t i f i c a t i o n  of cloud p a t t e r n s  

by human observers  o f t e n  depends on such f a c t o r s  as the over- 

a l l  shape of the region i n  which the p a t t e r n  occurs and t h e  

context  i n  which it appears.  Admittedly, r e c o g n i z a b i l i t y  

by human observers i s  n e i t h e r  a necessary nor a s u f f i c i e n t  

condi t ion f o r  r ecogn izab i l i t y  by automatic means. 

it seems reasonable t o  assume t h a t  regions which a r e  c o r r e c t l y  

i d e n t i f i a b l e  out  of contex t  by observers  can probably be 

i d e n t i f i e d  by a s u f f i c i e n t l y  d e t a i l e d  se t  of parameter measure- 

ments. Conversely, it i s  p l aus ib l e  t h a t  where contex t  i s  

necessary f o r  human recogni t ion,  automatic r ecogn i t ion  out  

af context may be impossible.  

Nevertheless,  

The cons idera t ions  j u s t  s t a t e d  suggest  tha t  the s tudy of the 

a p p l i c a b i l i t y  of automatic p a t t e r n  r ecogn i t ion  techniques t o  

.4 
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TIROS p i c t u r e s  should be supplemented by d e s c r i p t i v e  s t u d i e s  

of t he  p i c t u r e s  themselves and of t h e  condi t ions  under which 

t h e  types  of cloud cover contained i n  the  p i c t u r e s  can be 

c o r r e c t l y  i d e n t i f i e d  by human observers.  Spec i f i ca l ly ,  it i s  

of i n t e r e s t  t o  determine 

( a >  What l i m i t a t i o n s  on u s e f u l  p i c t u r e  sample s i z e s  
are imposed by the dimensions of the reg ions  on 
TIROS p ic tu re s  which it i s  des i r ed  t o  i d e n t i f y  

( b )  Which of these reg ions  a r e  l i k e l y  t o  be i d e n t i f i a b l e  
o u t  of context ,  as suggested by t h e  r e c o g n i z a b i l i t y  
by i n t e r p r e t e r s .  

The ove r -a l l  goal of t h e  s tudy program which i s  

the  s u b j e c t  of t h i s  r epor t  i s  t o  obta in  u s e f u l  answers t o  

these quest ions.  Spec i f i c  t a s k s  which were undertaken i n  

order  t o  achieve t h i s  goa l  were 

( a )  Generation of c r i te r ia  by which a TIROS p i c t u r e  
can be divided i n t o  a small number of types  
of meteorological ly  s i g n i f i c a n t  regions 

(b )  Measurement of t h e  dimensions of t hese  regions,  i n  
order  t o  determine bounds on the p i c t u r e  sample 
s i z e s  which can be used f o r  t h e i r  automatic 
i d e n t i f i c a t i o n  

( c )  Analysis of the a b i l i t y  of human i n t e r p r e t e r s  t o  
recognize these reg ions  i n  and ou t  of context ,  
i n  whole and i n  p a r t ,  as an i n d i c a t i o n  of the 
probable f e a s i b i l i t y  of t h e i r  automatic i d e n t i -  
f i c a t i o n .  

The s t u d i e s  conducted under the  program were no t  

intended t o  support  any s p e c i f i c  automatic recogni t ion  

technique ; r a t h e r ,  they have provided genera l  e s t ima tes  of 

t h e  inpu t  da t a  ava i lab le  f o r  and required by a wide c l a s s  of 

such techniques.  I n  add i t ion ,  they have cont r ibu ted  t o  a 

be t te r  understanding of t h e  problems involved i n  the 

5 
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q u a n t i t a t i v e  desc r ip t ion  and i n t e r p r e t a t i o n  of TIROS p i c t u r e s  

by human observers .  

1 . 3  Scope of the proqram 

The subjec t  program has been divided i n t o  t h r e e  s tudy 

phases as  follows: 

1.3.1 Phase I 

I n  t h e  f i r s t  phase, ob jec t ive  c r i t e r i a  f o r  desc r ib ing  

meteorological ly  s i g n i f i c a n t  cloud cover reg ions  on TIROS 

p i c t u r e s  have been inves t iga t ed .  These c r i t e r i a  a r e  suggested 

by a gene ra l  ana lys i s  of factors r e l evan t  t o  t h e  ?'organization' '  

of complex p i c t u r e s  i n t o  "uniform" reg ions .  E x p l i c i t  cloud cover 

c l a s s e s  based on t h e s e  c r i t e r i a  have been def ined .  

1 . 3 . 2  Phase I1 

The c l a s s i f i c a t i o n  system developed under Phase I 

has been a p p l i e d t o  produce about f i f t y  cloud cover maps 

corresponding t o  TIROS p i c t u r e s .  Under t h e  second phase, 

computer programs for analyzing t h e  s i z e s  and shapes of t h e  

reg ions  on t h e s e  maps have been w r i t t e n .  Using t h e s e  programs, 

region s i z e  and shape information r e l evan t  t o  the des ign  of 

aut'omatic cloud cover mapping systems have been t a b u l a t e d .  

1 .3 .3  Phase I11 

I n  the  t h i r d  phase, t h e  a b i l i t i e s  of human observers  

t o  recognize pieces of cloud cover of t h e  types  def ined  i n  Phase I 

have been t e s t e d ,  using the p i c t u r e s  and maps of Phase 11, as a 

func t ion  of such va r i ab le s  as  p iece  s i z e ,  p iece  shape, and contex t .  

6 
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I n  add i t ion ,  q u a n t i t a t i v e  parameters u s e f u l  f o r  automatic  cloud 

cover d e s c r i p t i o n  have been derived by ana lyz ing  human observers '  

cloud cover d e s c r i p t i o n s .  

1 .4  Summary of accomplishments 

The b a s i c  o b j e c t i v e s  of the program, as  s e t  f o r t h  i n  

Sec t ion  1 . 2  above, have a l l  been achieved. S p e c i f i c  accomplish- 

ments inc lude  t h e  following: 

(a )  A system fo r  c l a s s i f y i n g  cloud cover i n  terms of 

q u a n t i t a t i v e l y  de f inab le  parameters has  been 

developed (Sec t ion  2 of t h i s  volume). 

( b )  Programs f o r  analyzing t h e  s i z e s  and shapes of 

connected reg ions  on a r b i t r a r y  p i c t u r e s  have been 

developed. 

of TIROS p i c t u r e s  and nephanalyses.  They have been 

These programs have been appl ied  t o  s e t s  

used i n  p a r t i c u l a r  t o  analyze t h e  dimensions of t h e  

reg ions  on t h e  nephanalyses and t o  determine upper 

bounds on t h e  s i z e  of t h e  p i c t u r e  samples which an 

automatic  recogni t ion  system should analyze i f  it i s  

t o  d e t e c t  and i d e n t i f y  given propor t ions  of t h e s e  

reg ions  (Volume 111). 

An approach t o  t h e  automatic  annota t ion  of TIROS ( c )  

p i c t u r e s  has  been def ined  and i n i t i a l  s t a g e s  of it 

t e s t e d  (Sec t ion  3 of t h i s  volume and Volume I V ) .  

7 



(d )  Studies  of the a b i l i t i e s  of i n t e r p r e t e r s  t o  annotate ,  

d i scr imina te ,  and i d e n t i f y  TIROS cloud p a t t e r n s  have 

been conducted. These s t u d i e s  have confirmed the 

p l a u s i b i l i t y  of automatic cloud cover d i sc r imina t ion  

and c l a s s i f i c a t i o n .  I n  p a r t i c u l a r ,  they  have been 

used t o  e s t a b l i s h  a lower bound on the s i z e  of the 

p i c tu re  samples which an  automatic recogni t ion  system 

should analyze,  on the  reasonable assumption t h a t  

automatic recogni t ion  i s  un l ike ly  t o  succeed i f  a 

sample i s  t o o  small t o  be i d e n t i f i e d  by observers 

(Volume 11, Sect ions 2 - 3 ) .  

(e  ) Quan t i t a t ive  d e f i n i t i o n s  of b a s i c  cloud p a t t e r n  

d e s c r i p t i o n  parameters have been der ived from analyses  

of observers ' judgments. These parameters are important 

t o  the  design of f u t u r e  automatic cloud p a t t e r n  recog- 

n i t i o n  systems (Volume 11, Sect ion  4 ) .  

8 
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2. Cloud p a t t e r n  c l a s s i f i c a t i o n  

2 . 1  Need f o r  o b j e c t i v e  c l a s s i f i c a t i o n  

I n  i n v e s t i g a t i n g  cloud p a t t e r n  c l a s s i f i c a t i o n  cri teria 

s u i t a b l e  f o r  a p p l i c a t i o n  t o  automatic cloud cover mapping, a 

primary cons ide ra t ion  i s  t h a t  t h e  cloud cover maps which 

r e s u l t  must be meteorological ly  v a l i d  and must d i sc r imina te  

meteoro logica l ly  s i g n i f i c a n t  cloud cover f e a t u r e s  as f a r  as 

p o s s i b l e .  However, s i n c e  t h e  product ion of t h e  maps may 

u l t i m a t e l y  be a t  l e a s t  i n  pa r t  t h e  task of a machine, t h e  

c r i t e r i a  used i n  d e f i n i n g  mapping f e a t u r e s  must be machine- 

i n t e r p r e t a b l e ;  i n  p a r t i c u l a r ,  they  must be s t a t a b l e  i n  

o b j e c t i v e l y  and q u a n t i t a t i v e l y  d e f i n a b l e  terms.  

I n  pas t  approaches t o  cloud cover mapping and nephanalysis ,  

t h e  cloud cover ca t egor i e s  used have been s e l e c t e d  by meteoro logis t s .  

I n  genera l ,  t h e  d e f i n i t i o n s  of t h e s e  c a t e g o r i e s  have tended t o  

be nonquan t i t a t ive  and r e l a t i v e l y  l ack ing  i n  o b j e c t i v i t y  ( f o r  

more d e t a i l e d  comments on s p e c i f i c  p a s t  approaches, s ee  Sec t ion  

2 .2  immediately fo l lowing) .  

names i n  such c l a s s i f i c a t i o n s  can a l s o  l e a d  t o  confusion with 

sma l l - sca l e  cloud cover terminology when t h e  c l a s s i f i c a t i o n s  a r e  

app l i ed  t o  s a t e l l i t e '  s-eye-view cloud p i c t u r e s .  

The use of t r a d i t i o n a l  cloud type  

To f u l f i l l  t h e  present  goals,  a cloud cover  c l a s s i f i c a t i o n  

based on o b j e c t i v e  desc r ip t ion  i s  needed. 

would i n  p r i n c i p l e  be meaningful t o  a hypo the t i ca l  automatic 

cloud cover mapping system. 

Such a c l a s s i f i c a t i o n  

I n  d e f i n i n g  t h e  needed c l a s s i f i c a t i o n ,  
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it i s  of course important t o  keep the requirements of meteoro- 

l o g i c a l  v a l i d i t y  and s i g n i f i c a n c e  i n  cons tan t  view. Q u a l i f i e d  

meteoro logis t s  should review any proposed c l a s s i f i c a t i o n  scheme, 

and t h e  performance of t r a i n e d  observers  should be used as a 

s tandard  i n  determining q u a n t i t a t i v e  parameters f o r  t h e  scheme. 

A s  a check on machine i n t e r p r e t a b i l i t y ,  however, t h e  c l a s s i f i c a -  

t i o n  performances of t r a i n e d  and unt ra ined  observers  should be 

compared. 

An important p r i n c i p l e  i n  cloud cover mapping, whether 

human or automatic, i s  t h a t  it i s  not  a b s o l u t e l y  necessary t o  

c l a s s i f y  every por t ion  of the given p i c t u r e .  Emphasis should 

be placed on the  i d e n t i f i c a t i o n  of t hose  regions which are 

c l e a r l y  c l a s s i f i a b l e  and meteoro logica l ly  s i g n i f i c a n t .  

reg ions  can be denoted as "ambiguous" o r  l 'unidentif ied" as 

appropr i a t e .  Cloud mapping systems which a t tempt  t o  be 

exhaust ive,  of ten by d e f a u l t  or by r e l y i n g  h e a v i l y  (and con- 

j e c t u r a l l y )  on context,  are  not  i d e a l l y  s u i t e d  f o r  automation. 

2 . 2  P a s t  approaches t o  c l a s s i f i c a t i o n  

Other 

The c l a s s i f i c a t i o n  of cloud elements has  developed along 

t h r e e  avenues. The e a r l i e s t  concept t h a t  s t i l l  has  modern 

a p p l i c a b i l i t y  was suggested by Howard (1803) .  H i s  approach 

was t o  cons ider  t h e  form and appearance of t h e  gene ra t ing  

elements i n  a basic  c l a s s i f i c a t i o n .  Howell i n  h i s  paper ( 1 9 5 1 )  

i n  t h e  Compendium of Meteorology po in t s  ou t  t h a t  the  elements 
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"cirrus" ,  "cumulus", and " s t r a tus"  and t h e  combined forms a r e  recog- 

n i zab le  i n  t h e  present  day I n t e r n a t i o n a l  Cloud Atlas. 

c l a s s i f i c a t i o n  methods follow t h r e e  gene ra l  approaches.  

Present  

2 . 2 . 1  Form c l a s s i f i c a t i o n  

This  c l a s s i f i c a t i o n  method i s  founded upon t h e  form 

and appearances of c louds as  seen by an  observer  l o c a t e d  on t h e  

ground. 

r e f l e c t s  t h e  small s ca l e  aspects of t h e  cloud systems. 

i s  assumed t h a t  t h e  upper l e v e l  c louds are  a t  an average a l t i t u d e  

of 30,000 f t .  and t h e  s i g n i f i c a n t  viewing angle  i s  a cone of 

1 2 0  degrees ,  t hen  t h e  observat ion s c a l e  i s  of t h e  o rde r  of t e n  

miles. 

f u n c t i o n  of phys io log ica l  f a c t o r s  as  w e l l  as  t h e  phys ica l  

p r o p e r t i e s  of t h e  cloud elements and t h e i r  rad iance  background. 

A rough estimate based upon a 2 min. r e s o l u t i o n  c a p a b i l i t y  y i e l d s  

a minimum d e t e c t a b l e  element s i z e  of t h e  o r d e r  of 50 f t .  a t  d i s -  

t ances  of 5 miles .  This  value i s  of course sub jec t  t o  l a r g e  

upward v a r i a b i l i t y .  Both t h e  observing range and t h e  element 

r e s o l u t i o n  s i z e  of t h e  human observer  d i f f e r  g r e a t l y  from t h e  

equiva len t  p r o p e r t i e s  of t he  s a t e l l i t e .  

The r e s u l t i n g  organiza t ion  and c l a s s i f i c a t i o n  e s s e n t i a l l y  

I f  it 

The r e so lv ing  a b i l i t y  of t h e  observer  i s  an  involved 

2 . 2 . 2  Phys ica l  c l a s s i f i c a t i o n  

The phys ica l  c l a s s i f i c a t i o n  of c louds i s  based upon 

t h e  assumption t h a t  a s u i t a b l e  sepa ra t ion  of cloud types  may be 

made by not ing  t h e  c h a r a c t e r i s t i c s  of t h e  drop spec t r a  of w a r m  

c louds and c r y s t a l  t ypes  and spec t r a  i n  i ce  c louds .  Addit ional  
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parameters  would be included as  knowledge of t h e  microphysics 

of c louds progresses .  

by Bergeron (1933) .  

One such c l a s s i f i c a t i o n  has  been proposed 

' It i s  apparent  t h a t  t h e  q u a n t i t i t e s  t h a t  would 

e n t e r  i n t o  such a c l a s s i f i c a t i o n  approach cannot a t  p re sen t  be 

measured by s a t e l l i t e  ins t rumenta t ion ;  consequent ly ,  t h i s  method 

w i l l  not  be considered f u r t h e r  he re .  

2 . 2 . 3 .  Genetic c l a s s i f i c a t i o n  

The t h i r d  c l a s s i f i c a t i o n  approach cons ide r s  t h e  

kinematic and thermodynamic f i e l d s  which l e a d  t o  t h e  genera t ion  

of var ious  cloud formations.  Some s impl i f i ed  t y p i c a l  f a c t o r s  

e n t e r i n g  i n t o  such a system are g iven  by Douglas (1934)  as: 

( a )  Slow gene ra l  l a r g e  s c a l e  v e r t i c a l  motion l ead ing  

t o  s t r a t i f o r m  c louds ,  

( b )  I s o l a t e d  a i r  masses moving through t h e  environment 
Q 

l ead ing  t o  curnuloform clouds and 

(c) Clouds produced by " tu rbu len t "  a i r  motion. 

A number of o t h e r  gene t i c  c l a s s i f i c a t i o n s  have been 

suggested which f u r t h e r  subdivide t h e  kinematic  and thermodynamic 

f i e l d s  so as  t o  o b t a i n  g r e a t e r  d e t a i l ,  and t o  permit an  assoc-  

i a t i o n  of these  f i e l d s  with meso- and macro-scale meteorological  

systems. 

2 . 2 . 4  Cloud c l a s s i f i c a t i o n  f o r  s a t e l l i t e  obse rva t ion  

The primary problem posed i n  c l a s s i f i c a t i o n  of 

cloud elements observed from a s a t e l l i t e  i s  one of r e s o l u t i o n  
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and s c a l e .  The d i s t o r t i o n - f r e e  camera viewing angle  f o r  t h i s  system 

( t y p i c a l  of Camera 2, TIROS I V )  i s  of t h e  order  of 60°, and t h e  

r e s o l u t i o n  for zero n a d i r  angle approximates 2 km. Future  systems 

p o s t u l a t e  an inc rease  by a f a c t o r  of t h e  order  of two i n  angular  

coverage and t h r e e  i n  r e s o l u t i o n  c a p a b i l i t y .  It i s  apparent  t h a t  t h e  

adopt ion of t h e  I n t e r n a t l o n a l  Cloud At l a s  (1932), a combination of 

form and gene t i c  c l a s s i f i c a t i o n s ,  w i l l  no t  be s u c c e s s f u l  because those  

f e a t u r e s  t h a t  e n t e r  i n t o  t h i s  c l a s s i f i c a t i o n  a r e  n o t  i n  t h e  main 

measurable from s a t e l l i t e  da ta .  

Approaches t o  c l a s s i f i c a t i o n  ot cloud d a t a  obta ined  from 

s a t e l l i t e  photography have been proposed by G l a s e r  (1957), Erickson 

and Hubert (1g61), and Conover (1962-3). These au tho r s  i n d i c a t e  t h a t  

s a t e l l i t e  p i c t u r e s  p r imar i ly  show a l a r g e r  s c a l e  of cloud o rgan iza t ion .  

Typ ica l  of such groupings a re  cyc lonic  v o r t i c e s ,  bands, s t ree ts  and 

cumuloform c l u s t k r s .  I n  add i t ion  t o  shape organiza t ion ,  t h e r e  e x i s t s  

s c a l e s  of b r igh tness  and br ightness  v a r i a b i l i t y  which r e l a t e  i n  some 

sense  t o  l i q u i d  water content  and s o l a r  angle .  The d i s t r i b u t i o n  of 

t e x t u r e  and p a t t e r n  i s  a l s o  s i g n i f i c a n t .  

The gene ra l  philosophy of t h e  above au thors  has  been t h e  

deduct ion of convent ional  cloud d a t a  from t h e  l a r g e  s c a l e  p a t t e r n s  

of b r igh tness .  A s  an example, Conover has formulated a d e t a i l e d  

l o g i c a l  dec i s ion  scheme i n  which an a n a l y s t  performs a series of 

d e c i s i o n  ope ra t ions  on c l a s ses  which t a k e  i n t o  account form, 

p a t t e r n ,  t e x t u r e ,  br ightness ,  and s i z e  o r  spacing. This 
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method may be cons ideredm be a combination of both gene t i c  and 

form c l a s s i f i c a t i o n .  A major problem as soc ia t ed  with t h e  

machine adapta t ion  of t h i s  method i s  t h e  l a c k  of d e t a i l e d  

s p e c i f i c a t i o n  of t h e  na ture  of t h e  classes. It i s  s t i l l  necessary 

t o  pursue t h i s  aspec t  of t h e  problem. 

2 . 3  An ob jec t ive  cloud p a t t e r n  d e s c r i p t i o n  system 

A black-and-white p i c t u r e  ( i n  p a r t i c u l a r ,  a cloud cover p i z t u r e )  

i s  o f t e n  comprised of d i s c e r n i b l e  p i eces  each appearing t o  have 

cons tan t  br ightness- tha t  i s ,  a cons tan t  shade of p a y .  

t h e  extreme case  i n  which t h e  p i c t u r e  c o n s i s t s  of white "cloud 

c e l l s "  seen aga ins t  a black ( s a y  deep sea )  background, t h e  p i eces  

a r e  t h e  cloud c e l l s  and t h e  in t e rven ing  patches of black;  i n  

gene ra l ,  of course,  n e i t h e r  t h e  clouds nor t h e  background w i l l  

have constant  b r igh tness ,  and t h e  problem of d i sc r imina t ing  

In 

between them may be n o n t r i v i a l .  

Regions of "uniform" cloud cover type  which a r e  seen i n  

a cloud cover p i c t u r e  gene ra l ly  a r i s e  a s  a r e s u l t  of some 

r e g u l a r i t y  o r  r e p e t i t i v e n e s s  i n  t h e  na tu re  and arrangement of 

t h e  cons tan t -br ightness  p i eces ,  and i n  p a r t i c u l a r  of t h e  p i eces  

which appear t o  be cloud. 

of t h e  p ieces .  A t  small s c a l e s ,  un i fo rmi t i e s  i n  t h e  groupings 

of t h e  p ieces  correspond t o  uniformity i n  "v i sua l  t e x t u r e " ;  a t  

l a r g e r  s ca l e s ,  t o  uniformity i n  "pa t t e rn . "  

parameters with respec t  t o  which r e g u l a r i t y  i s  important include:  

Such r e g u l a r i t i e s  d e f i n e  groupings 

The v a r i a b l e s  or 

( a )  b r ightness  



. .  

(b )  s i z e  and shape 

( e )  spacing and i t s  d i r e c t i o n a l i t y  

Some s p e c i f i c  shape T'dimensions'r which seem important i n  cloud 

type  mapping a r e  

( b l )  Elongation: C e l l u l a r  v s .  bandlike 

(b2) Curvature (degree) :  ? 'Straight"  v s .  sharp ly  curved 

(b3)  Curvature ( r e g u l a r i t y ) :  Simply curved vs .  i r regular  

Spacing and d i r e c t i o n a l i t y  are i n  a sense d u a l s  t o  s i z e  and shape 

and can be broken down i n t o  subparameters analogously; important  

parameters seem t o  be t h e  ex i s t ence  of a "prefer red  d i rec t ion l I  

( i n  which t h e  p i ece  spacing i s  markedly smaller t h a n  i n  o t h e r  

d i r e c t i o n s )  and i t s  r e l a t i o n s h i p  t o  t h e  d i r e c t i o n s  of t h e  long  

axes of elongated p i eces  ( i f  any) .  

The approach t o  def in ing  uniform '?groupingsfT of "pieces" 

i n  a p i c t u r e  j u s t  discussed i s  b a s i c a l l y  h i e r a r c h i c a l .  The 

lowest  l e v e l  of "pieces" a r e  t h e  reg ions  of cons tan t  b r igh tness .  

A t  a h igher  l e v e l ,  t h e  groupings def ined  by t h e s e  lowes t - l eve l  

p i e c e s  i n  accordance with the  above r u l e s  may be used as 

??superpiecesf '  and combined i n t o  "supergroupings" us ing  e s s e n t i a l l y  

the same r u l e s .  Such second-order groupings can a l s o  be 

important i n  cloud cover mapping. For example, a series of 

c l o s e l y  spaced cloud ce l l s  ( f i r s t - o r d e r  p i e c e s )  can d e f i n e  

(broken) cloud bands ( f i r s t - o r d e r  groupings) ;  b u t  t h e s e  bands 

themselves ( a s  second-order p i e c e s )  may be p a r t  of a vor tex  

system (second-order grouping).  
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I n  the s t u d i e s  repor ted  below, emphasis has  been placed 

on r eg ions  defined by f i r s t - o r d e r  grouping of f i r s t - o r d e r  

p i eces .  This r e s t r i c t i o n  i s  u s e f u l  f o r  two reasons: 

( a )  F i r s t - o r d e r  groupings correspond t o  smaller 

scale meteorological  f e a t u r e s  t h a n  do h igher -  

o rde r  groupings.  

d e t a i l e d  information of t h i s  t ype  on a t y p i c a l  

cloud p i c t u r e  than  t h e r e  i s  higher-order  i n f o r -  

mation (such as t h e  presence of v o r t i c e s ) .  The 

mapping of t h i s  more d e t a i l e d  information i s  

more t ed ious  and hence more important t o  automate. 

There i s  thus  much more 

( b )  Groupings which are low i n  t h e  h i e ra rchy  are 

necessa r i ly  easier t o  i d e n t i f y  au tomat ica l ly  

than are higher-order  groupings.  

A "decis ion tree" summarizing t h e  c l a s s i f i c a t i o n  f a c t o r s  

suggested above i s  shown as Figure 1. The fo l lowing  remarks 

provide f u r t h e r  explanat  i o n  : 

(a) Brightness:  It i s  assumed here t h a t  cloud/ 

non-cloud d i sc r imina t ion  can be made on the  

b a s i s  of measured p i c t u r e  element b r igh tness ,  

perhaps normalized r e l a t i v e  t o  t h e  mean 

br ightness  of t h e  p i c t u r e .  

i s  not t oo  implaus ib le  i f  cons ide ra t ion  i s  

r e s t r i c t e d  t o  cloud cover over  t h e  open ice-free 

ocean i n  t h e  absence of sun g l i t t e r .  I n  any case  

This  assumption 
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t h e  emphasis i n  t h i s  program i s  on t h e  s p a t i a l  

f a c t o r s  (discussed below) which c h a r a c t e r i z e  

cloud cover types ,  s i n c e  t h e  q u a n t i f i c a t i o n  of 

t h e s e  f a c t o r s  p re sen t s  a h igh ly  chal lenging 

problem t o  t h e  a n a l y s t .  

(b)  Size:  From t h e  po in t  of view of phys i ca l  

meteorology, t h e  abso lu te  s i z e  of a cloud formation 

(o r  gap between clouds)  i s  s i g n i f i c a n t  f o r  i n t e r -  

p r e t a t i o n .  From t h e  p i c t u r e  o rgan iza t ion  viewpoint,  

t h e  s i z e  of formations r e l a t i v e  t o  one anolher  

and t o  t h e  p i c t u r e  as a whole can  s i g n i f i c a n t l y  

a f f e c t  t h e  determinat ion of important groupings.  

Since t h e  p r e s e n t c l a s s i f i c a t i o n  scheme i s  based 

on an  a n a l y s i s  of a set of n e a r - v e r t i c a l  TIROS 

p i c t u r e s  having approximately cons tan t  scale, 

t h e  requirements of t h e  two viewpoints do not 

come i n t o  se r ious  c o n f l i c t .  

( c )  Texture: Experience i n d i c a t e s  t h a t  it i s  unnec- 

e s sa ry  t o  d i sc r imina te  t e x t u r e s  f o r  small "pieces" 

of cloud. 

hand, t h e r e  are a t  least  t h r e e  important types  

of " tex ture"  which should be discr iminated:  

(1) Sol id .  Rela t ive ly  b r i g h t ,  f e a t u r e l e s s  

( 2 )  Fibrous.  Dimmer, "wispy", f i l amentary  

( 3 )  

For large cloud masses, on t h e  o t h e r  

Ret icu la ted .  A "network" of T'lacy" cloud 

enclosing "hollow cells". 
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(d )  Shape (e longat ion) .  For both cloud ard noncloud 

it i s  u s e f u l  t o  d i s t i n g u i s h  between elongated 

( l lbandl ikel t )  and less elongated ( " c e l l u l a r " )  

p i eces .  The terms lrcellll and l'band" apply t o  

cloud p i eces ;  llholer' and " r i f t " ,  t o  gaps i n  

cloud cover .  

( e )  Shape (curva ture) .  I n  t h e  case of cloud p i e c e s ,  a 

f i n e r  d i scr imina t ion  i s  u s e f u l  as regards  both t h e  

elongated and nonelongated cases .  Convex 

c e l l s  may be d i s t ingu i shed  

concave cel ls .  S imi l a r ly ,  a d i s t i n c t i o n  may be 

made among r e l a t i v e l y  s t r a i g h t ,  i r r e g u l a r  (%ermicul-  

a t ed" )  and markedly curved bands. The analogous 

d iscr imina t ions  for ho les  and r i f t s  can a l s o  be made. 

from crescent-shaped,  

( f )  Grouping type. A s  d i scussed  above, i n d i v i d u a l  

small " p i c t u r e  p ieces"  can combine t o  form groupings 

which are important t o  p i c t u r e  o rgan iza t ion .  On 

t h e  o t h e r  hand, a "piece" which i s  i s o l a t e d  from 

o t h e r s  of i t s  kind ( f o r  example, 'a cloud band which 

has  no o ther  cloud nearby, or which i s  surrounded by 

l a r g e  cloud masses) may become important by v i r t u e  

of i t s  i s o l a t i o n .  Cells,  ho le s ,  bands, and. r i f t s  

can a l l  be s i g n i f i c a n t  i n  i s o l a t i o n .  I n  t h e  case  

of bands (and equ iva len t ly ,  of r i f t s ) ,  t h e r e  i s  

one o t h e r  grouping type which i s  of s p e c i a l  
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importance - namely, t h e  case  of t h e  p e r i o d i c ,  

p a r a l l e l  "wave-like" band/r i f  t formation.  A s  

r ega rds  cel ls  and h o l e s ,  an important  d i s t i n c t i o n  

can be made between "cha in l ike"  groupings i n  which 

there i s  a n a t u r a l  d i r e c t i o n  of " l ineup",  and 

i s o t r o p i c  , "areal" groupings.  I n  t h e  former case, 

the cel ls  form a broken band ( o r  t h e  h o l e s  a broken 

-3 r i f t  r e s p e c t i v e l y . )  This band (or r i f t )  can then  

be t r e a t e d  as a new "super-piece" of (or "supergap 

in")  t h e  cloud cover ,  as descr ibed  above. I n  

p a r t i c u l a r ,  it i s  appropr i a t e  t o  c l a s s i f y  it as 

s t r a i g h t  or curved (but  not  vermiculated)  and t o  

d i s t i n g u i s h  i s o l a t e d  occurrences from r e g u l a r ,  

p e r i o d i c  broken b a n d / r i f t  formations.  

2.4 Object ive measurement of cloud p a t t e r n  parameters  

The cloud p a t t e r n  parameters d i scussed  i n  Sec t ion  2 . 3  

are i n t u i t i v e l y  basic, b u t  it i s  a f a r  from t r i v i a l  matter t o  

d e f i n e  most of them q u a n t i t a t i v e l y .  

o b j e c t i v e  d e f i n i t i o n ,  bu t  as mentioned i n  Sec t ion  2 . 1 ,  cloud/ 

non-cloud d i sc r imina t ion  i s  not always p o s s i b l e  on the  basis of 

b r igh tness  or albedo alone.)  -' S i z e  f o r  example, might be def ined  

i n  terms of a rea ,  of diameter ,  or of some combination of t h e  two; 

s t u d i e s  reported i n  Volume 11, Sect ion  4.3 i n d i c a t e  t h a t  area 

i s  t h e  most important c o r r e l a t e  of t h e  judged s i z e .  

o b j e c t i v e  c o r r e l a t e s  of o t h e r  basic cloud p a t t e r n  parameters  

(Br ightness  has  an  immediate 

Approximate 
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are suggested by o t h e r  s t u d i e s  reported i n  Sec t ion  4 of Volume 11. 

For cloud masses which are not  highly elongated and sharp ly  curved, 

e lonqat ion  can be def ined i n  terms of a maximum diameter  t o  minimum 

diameter  r a t i o .  

less t r i v i a l  t o  formulate .  

d e f i n i n g  "elongation" i n  such a way as t o  c o r r e c t l y  rank t h e  shapes 

shown i n  Figure 2. I n t u i t i v e l y ,  shapes ( a ) ,  (b) ,  and ( e )  are non- 

elongated: ( c )  and ( f )  are somewhat elongated; and (d )  i s  very 

elongated.  

i t s  diameter (=grea t e s t  d i s t a n c e  between two of i t s  p o i n t s ) ,  s ince  

t h i s  would rank (d) as low as (a, b y  e ) .  On t h e  o t h e r  hand, 

e longat ion  cannot be measuredby perimeter, s i n c e  t h i s  would rank 

(b )  too high.  

A completely general d e f i n i t i o n ,  however, i s  much 

Consider, f o r  example, t h e  problem of 

The e longat ion  of a shape t h u s  cannot be measured by 

A novel method shape d e s c r i p t i o n  has been proposed i n  an 

unpublished paper by M r .  Harry B l u m  of United S t a t e s  A i r  Force 

Cambridge Research Laboratory. 

method may be very b r i e f l y  s t a t ed  as follows: 

The key ideas  underlying t h i s  

( a )  The given shape i s  caused t o  "propagate?' over 

t h e  p lane  i n  t he  manner of a wave d is turbance  

( t h e  instantaneous d i r e c t i o n  of propagation a t  

any po in t  i s  normal t o  t h e  wave f r o n t  through 

t h e  po in t ,  unless  no unique normal exists a t  

t h e  po in t ) .  

eb) A po in t  through which t h e  wave f r o n t  has  passed 

becomes " ref rac tory"  ( t h a t  i s  , r e s i s t a n t  t o  
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F i g u r e  2 

Sha~es Which D i f f e r  - In Elongat ion 
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f u r t h e r  passage) f o r  some time. I n  consequence, 

when two segments of t h e  wave f r o n t  i n t e r s e c t  

they  produce a r e s u l t a n t  i n  t h e  d i r e c t i o n  of t h e  

vec to r  sum of t h e i r  v e l o c i t i e s ,  and a magnitude 

e s s e n t i a l l y  t h a t  of t h e i r  resu1tant"phase v e l o c i t y "  

( c )  The wave f r o n t  arc l e n g t h  as a f u n c t i o n  of time, 

and t h e  locus  of wave f r o n t  s e l f i n t e r s e c t i o n s ,  

provide important in format ion  about  t h e  shape of 

t h e  given contour .  

The problem of e longat ion measurement can  be solved i n  terms 

of t h e  Blum s e l f i n t e r s e c t i o n  locus .  Figure 3 shows, f o r  each of 

the shapes of Figure 2 ,  the locus  of wave f r o n t  s e l f i n t e r s e c t i o n  

p o i n t s  a t  which t h e  propagation v e l o c i t y  changes. 

t h a t  a very reasonable  d e f i n i t i o n  of e longat ion  can be g iven  f o r  

t h e s e  shapes i n  terms of t h e  connected l e n g t h  of t h i s  l ocus .  

The Blum propagat ion process resembles c e r t a i n  discrete 

processes  which are believed t o  occur  i n  c e r t a i n  types  of neu ra l  

networks. This d i s c r e t e  vers ion of t h e  process  i s  easy t o  

s imula te  d i g i t a l l y .  

p o t e n t i a l l y  a va luable  t o o l  f o r  the  a n a l y s i s  of cloud p a t t e r n s  

and t h e  l i k e ,  i n  which basic  (bu t  hard t o  d e f i n e )  shape parameters 

p l ay  important r o l e s .  

cloud cover mapping systems dese rves  smious cons ide ra t ion .  

2 .5  Limi ta t ions  on ob jec t ive  cloud p a t t e r n  c l a s s i f i c a t i o n  

The cloud cover c l a s s i f i c a t i o n  system descr ibed  i n  Sec t ion  

It can  be seen 

The Blum method of shape d e s c r i p t i o n  i s  

The use of the  method i n  f u t u r e  automatic  
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2 . 3  Is  somewhat i dea l i zed ,  since it r e l a t e s  t o  cloud cover 

which c o n s i s t s  pr imar i ly  of d i s c r e t e ,  disconnected masses and 

p ieces .  This observa t ion  i m p l i e s  t h a t  a p r a c t i c a l  automatic 

cloud mapping system based on t h i s  type of c l a s s i f i c a t i o n  must 

begin by " idea l i z ing"  t h e  observed cloud cover, namely breaking 

it up i n t o  c l e a r c u t ,  disconnected cloud p ieces  and masses. 

A more important l i m i t a t i o n  on t h e  c l a s s i f i c a t i o n  system 

descr ibed  above i s  i t s  emphasis on " d i s t i n c t i v e "  types  of cloud 

cover - s p e c i f i c a l l y ,  on types def ined  by s t rong ly  c h a r a c t e r i s t i c  

t e x t u r e s  o r  r e g u l a r  groupings of cloud p ieces .  This emphasis 

i s  e n t i r e l y  reasonable,  since t h e s e  types have been found t o  be 

meteorological ly  a s  w e l l  a s  geometr ical ly  " d i s t i n c t i v e .  ''l 

A s  even a cursory examination of q u a n t i t i e s  of TIROS imagery 

r evea l s ,  however, most cloud p i c t u r e s  simply do not  con ta in  

examples of t h e  d i s t i n c t i v e  cloud cover types .  

c l a s s i f i c a t i o n  system, most observed cloud cover c o n s i s t s  of 

l a rge ,  i r r e g u l a r  s o l i d  masses and voids or of "groupings" of one 

or two p ieces  o r  gaps. 

I n  terms of t h e  

I n  s p i t e  of t h e  nondis t inc t iveness ,  or even nondescr iptness ,  

of most cloud cover with respect  t o  the  c l a s s i f i c a t i o n  scheme, it 

has been demonstrated (Volume 11, Sect ion 2 . 1 )  t h a t  even naive 

1. It i s  c e r t a i n l y  p laus ib le  t h a t  geometr ical  d i s t i n c t i v e n e s s  
on a cloud cover p i c t u r e  r e s u l t s  from the  opera t ion  of some s p e c i a l  
phys i ca l  mechanism, which i n  t u r n  implies  probable meteorological  
s ign i f i cance .  It should of course be r e a l i z e d  t h a t  t h e r e  may e x i s t  
many o the r  meteorologically s i g n i f i c a n t  f e a t u r e s  of cloud cover 
which have escaped no t i ce  because they l ack  geometr ical  (and hence 
perceptua l )  d i s t i nc t iveness .  
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obse rve r s  c a n  c o n s i s t e n t l y  subdiv ide  a r b i t r a r y  cloud cover  

p i c t u r e s  i n t o  reg ions .  

d i v i s i o n  i s  c e r t a i n l y  not  based on t h e  obse rve r s '  d i s c r i m i n a t i o n  

of t h e  r eg ions  as being of " l abe lab le"  types .  Such d i s c r i m i n a t i o n  

wi thout  accompanying " l a b e l a b i l i t y "  must involve  r e l a t i v e l y  basic 

l?perceptual"  performance on t h e  p a r t  of t h e  obse rve r s .  

For nondescr ip t  cloud cover ,  t h i s  sub- 

An a n a l y s i s  of t h e  f a c t o r s  which i n f l u e n c e  cloud p a t t e r n  

d i s c r i m i n a t i o n ,  and p re l imina ry  results of an approach t o  automatic  

c loud p i c t u r e  subdiv is ion ,  are presented  i n  Sec t ion  3 of t h i s  

volume and Volume I V .  

c 

. 
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3. Cloud p a t t e r n  d i sc r imina t ion  

3 .1  Approach 

Over t h e  p a s t  t h r e e  years ,  t h e  f a c t o r s  which in f luence  t h e  

percept ion  of complex p i c t u r e s  as subdivided i n t o  "uniform'' 

reg ions  have been s tudied  extensively by The Budd Company, with 

t h e  p a r t i a l  support  of t h e  Direc tora te  of Information Sciences,  

United S t a t e s  A i r  Force Off ice  of S c i e n t i f i c  Research. These 

s t u d i e s  have l e d  t o  t h e  d e f i n i t i o n  of basic " v i s u a l  t ex tu re"  

parameters on which t h e  percept ion  of p i c t u r e  subdiv is ion  i s  

l a r g e l y  based. Perceived v i s u a l  t e x t u r e , i n  t h e  broad sense 

of t h e  term intended he re ,  i s  i n  gene ra l  a complex, mu l t i l eve l  

h i e r a r c h i c a l  phenomenon. However , it appears t h a t  p i c t u r e  

subdiv is ion  percept ion  performance i n  a great major i ty  of 

s i t u a t i o n s  can be accounted f o r  i n  terms of a few very 

p r i m i t i v e  t e x t u r a l  parameters. These s i t u a t i o n s  inc lude ,  i n  

p a r t i c u l a r ,  t h e  cases i n  which t h e  given p i c t u r e  i s  'TnondescriptTT 

i n  t h e  sense of being f r e e  of d i s t i n c t i v e  p a t t e r n s .  

The s t ronges t  f a c t o r  which in f luences  t he  percept ion of 

subdiv is ions  i n  T7nondescript" p i c t u r e s  seems t o  be t h e  d i s -  

c r imina t ion  of d i f f e r e n c e s  i n  average b r igh tness ;  t h e  "next 

s t ronges t "  f a c t o r ,  the  percept ion of d i f f e r e n c e s  i n  average 
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"coarseness  of The a n a l y s i s  of a given p i c t u r e  w i t h  

r e s p e c t  t o  these  f a c t o r s  i s  by no means a t r i v i a l  task; t h e  

c rux  of t h e  problem i s  t h a t  t h e  s i z e  of t h e  "neighborhood" over  

which t h e  averages are computed must somehow be s p e c i f i e d .  

neighborhood s i z e  i s  not an  abso lu te  cons t an t ;  t h e  choice of 

This  

neighborhood s i z e  i s  tantamountm t h e  choice  of a " l e v e l  of 

s c ru t iny"  a t  which the p i c t u r e  i s  t o  be examined. Thus, very 

c l o s e  examination of a p i c t u r e  by an  observer  might l e a d  him 

t o  subdivide it i n t o  a large number of on ly  s l i g h t l y  d i f f e r i n g  

r eg ions ;  t h i s  would e s s e n t i a l l y  be a subd iv i s ion  based on 

averaging over very small neighborhoods. Conversely, a more 

s u p e r f i c i a l  examination and r e s u l t i n g  coa r se  subdiv is ion  of t h e  

same p i c t u r e  would correspond t o  a p p l i c a t i o n  of t h e  averaging  

process  over  l a r g e r  neighborhoods. Furthermore, t h e r e  may 

e x i s t  "na tura l"  neighborhood s i z e s  for a given  p o r t i o n  of a 

p i c t u r e ;  t hese  are related t o  t h e  coarseness  of t h e  d e t a i l  i n  

t h e  given po r t ions .  Coarse d e t a i l  r e q u i r e s  a r e l a t i v e l y  l a r g e  

neighborhood f o r  a "meaningful" average,  while  f i n e  d e t a i l  or 

lack of d e t a i l  permit t h e  use of smaller neighborhoods. S i m i l a r l y ,  

there i s  a well-known r e l a t i o n s h i p  between t h e  a b i l i t y  of observers  

2.  Many measures of "coarseness  of d e t a i l "  have been 
proposed, among them: 

(a )  Spacing between p o i n t s  of h igh  b r i g h t n e s s  g r a d i e n t  
(b)  S i z e  of cons tan t -br ightness  pa tches  
(c) Rate of f a l l o f f  of a u t o c o r r e l a t i o n  f u n c t i o n  
( d )  S p a t i a l  power spectrum 
( e )  P robab i l i t y  of b r igh tness  change between ad jacen t  p o i n t s  
( f  ) Brightness var iance  or standard d e v i a t i o n  

I n  t h e  d iscuss ion  below, it w i l l  be convenient  t o  use  t h e  first 
of t h e s e  measures. 
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t o  d i sc r imina te  b r igh tness  d i f f e rences  and t h e  l o c a l  degree of 

d e t a i l ;  when d e t a i l  i s  present ,  observers  become much less 

s e n s i t i v e  t o  s l i g h t  d i f f e rences  i n  b r igh tness .  

a smaller neighborhood s i z e  must be used t o  compute t h e  d e s i r e d  

averages i n  t h e  absence of de ta i l .  

This  impl ies  t h a t  

These cons ide ra t ions  suggest t h e  fol lowing gene ra l  approach 

t o  automatic p i c t u r e  subdivision: 

(1) The p i c t u r e  i s  analyzed f o r  large areas of e s s e n t i a l l y  

cons tan t  br ightness  (=areas  f r e e  of high c o n t r a s t  

d e t a i l ) .  

small br ightness  d i f f e r e n c e s  i n  such d e t a i l - f r e e  

reg ions ,  these reg ions  themselves are important 

subdivis ions;  t hey  correspond t o  subdiv is ions  on 

t h e  b a s i s  of b r igh tness  averaged over  small 

neighborhoods. 

Since t h e  observers  can  e a s i l y  d i sc r imina te  

( 2 )  The remainder of t h e  p i c t u r e  c o n s i s t s  of small 

p i eces  of roughly cons tan t  b r igh tness .  T h i s  p a r t  

of t h e  p i c t u r e  can now be subdivided on t h e  basis 

of d i f f e rences  i n  br ightness  averaged over 

r e l a t i v e l y  large neighborhoods ( represent ing  

some reasonable f r a c t i o n  of t he  s i z e  of t h e  

p i c t u r e ) .  

quant ize  t h i s  p a r t  of t h e  p i c t u r e  i n  br ightness  

before  performing t h e  averaging process  without 

much loss i n  t h e  accuracy of t h e  r e s u l t i n g  sub- 

d i v i s i o n  . 

It may a l s o  be poss ib l e  t o  binary- 
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The procedure j u s t  ou t l i ned  , appl ied  t o  "nondescript" 

cloud cover p i c t u r e s ,  should produce subdiv is ions  resembling 

those  drawn by a consensus of human anno ta to r s ,  and corresponding 

t o  a r e l a t i v e l y  coarse  " l eve l  of sc ru t iny" .  I f  appl ied  t o  

a r b i t r a r y  cloud cover p i c t u r e s ,  which may con ta in  d i s t i n c t i v e  

r e g u l a r i t i e s  of t e x t u r e  o r  p a t t e r n ,  t h e  procedure w i l l  be 

somewhat less reliable.  However, it rep resen t s  a key pre l iminary  

s t e p  i n  t h e  ana lys i s  of such p i c t u r e s .  The techniques f o r  

cloud cover recogni t ion  now under i n v e s t i g a t i a n  by t h e  Rand 

Corporation and o t h e r s  are v i r t u a l l y  powerless un le s s  t hey  are 

appl ied  t o  por t ions  of p i c t u r e s  which show s i n g l e  types  of 

cloud cover exclusively.  The suggested subdiv is ion  procedure 

should i n  a g r e a t  major i ty  of cases subdivide a given p i c t u r e  

i n t o  such por t ions ,  even though it cannot i d e n t i f y  t h e i r  con ten t s .  

It i s  t h u s  a highly e s s e n t i a l  complement t o  t h e  cloud p a t t e r n  

r ecogn i t ion  techniques which a r e  being inves t iga t ed  by o t h e r s .  

3 .2  F e a s i b i l i t y  

A s  suggested i n  Sec t ion  3.1,  a f i r s t  reasonable  s t e p  

toward automatic cloud p a t t e r n  d i sc r imina t ion  i s  t h e  i d e n t i f i -  

c a t i o n  of l a r g e  d e t a i l - f r e e  reg ions .  I n  implementing t h i s  

s t e p ,  it i s  important t o  recognize t h a t  t h e s e  cannot simply be 

connected r e g i o n s .  A connected reg ion  of e s s e n t i a l l y  cons tan t  

br ightness  can s t i l l  have a very high l e v e l  of d e t a i l ;  f o r  

example, a r e t i c u l a t e d  cloud p a t t e r n  may be completely connected 

and ye t  h ighly  "broken." It i s  necessary here t o  develop an  
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o b j e c t i v e  method of i d e n t i f y i n g  l a r g e  "unbroken" cloud masses. 

Two computer programs i d e n t i f y i n g  and demarcating large 

"so l id"  masses on d i g i t i z e d  p i c t u r e s  have been developed and 

t e s t e d .  Detai led desc r ip t ions  of t h e s e  programs, designated 

SORD (=''Solid" - - Region - Delineator)  -1 and - 2 ,  and examples of 

t h e i r  a p p l i c a t i o n  t o  cloud cover p i c t u r e s ,  are presented i n  

Volume IV of t h i s  r e p o r t .  
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4 .  New Technology 

Carefu l  cons idera t ion  was g iven  t o  t h e  p o s s i b i l i t y  of r e p o r t a b l e  

new technology having been accomplished i n  each of t h e  fo l lowing  

s p e c i f i e d  d i s c i p l i n e s :  

mathematics 

s t a t i s t i c s  

programming 

image processing 

o p t i c s  

experimental  psychology 

meteorology 

I n  a l l  of t h e s e  f i e l d s ,  t h e  t e c h n i c a l  e f f o r t  on t h e  s u b j e c t  program 

has  requi red  a p p l i c a t i o n  of s t a t e - o f - t h e - a r t  techniques but  has  not  

i n  a l l  cases l e d  t o  new developments or innovat ions .  

We have reported as new technology, t h e  set  of d i g i t a l  computer 

programs which were w r i t t e n  as a i d s  t o  t h e  a n a l y s i s  of c loud 

cover  p i c t u r e s  and maps. 

programs are  given i n  Volumes I11 and I V  of t h i s  r e p o r t .  They can 

be appl ied  t o  an a r b i t r a r y  d i g i t i z e d  image t o  determine t h e  number 

s i z e s ,  and shapes of connected reg ions  def ined  by given ranges of 

d e n s i t i e s  i n  t h e  image. There i s  a s t rong  p o s s i b i l i t y  t h a t  t h e s e  

computer programs can be u s e f u l l y  app l i ed  t o  t h e  a n a l y s i s  of o t h e r  

types  of images, such as  t e r r e s t r i a l  ( a s  opposed t o  s a t e l l i t e  

cloud cover imagery) ae r i a l  photography of sea i ce  or of c e r t a i n  

simple t e r r a i n  t y p e s  and t h e  l i k e .  

Fu l ly  d e t a i l e d  d e s c r i p t i o n s  of t h e s e  
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5 .  Conclusions and Recommendations 

A s  summarized i n  S e c t i o n 1 . 4  and d e t a i l e d  i n  t h e  body of t h i s  

r e p o r t ,  t h e  r e s u l t s  of t h i s  study program c o n s t i t u t e  important 

s t e p s  toward t h e  u l t ima te  goal of au tomat ica l ly  i n t e r p r e t i n g  t h e  

cloud p a t t e r n s  seen by meteorological sa te l l i t es .  

conclusions r e s u l t i n g  from the program are  as follows: 

Spec i f i c  

( a )  Cloud cover a s  seen by TIROS can and should be descr ibed 

i n  terms of o b j e c t i v e l y  def inable  parameters (Volume I,  Sec t ion  2 ) .  

(b )  Q u a n t i t a t i v e  d e f i n i t i o n s  of basic cloud p a t t e r n  d e s c r i p t i o n  

parameters can  be der ived by analyzing observers '  estimates and 

judgments (Volume 11, Section 4 ) .  

( c )  The success of cloud cover annota t ion ,  d i sc r imina t ion  

and i d e n t i f i c a t i o n  experiments us ing  small  p i c t u r e  samples 

viewed o u t  of contex t  by inexperienced observers  makes the  

f e a s i b i l i t y  of automatic cloud p i c t u r e  i n t e r p r e t a t i o n ,  

t h e  a n a l y s i s  of such samples, h ighly  p l a u s i b l e  (Volume 11, 

Sect ions  2 - 3 ) .  

based on 

( d )  The optimum sample o r  "window" s i z e  which an  automatic 

i n t e r p r e t a t i o n  system should analyze should be about one-sixth of 

t h e  p i c t u r e  s i z e  (measured between "cornerT' f i d u c i a l  marks) on a 

s ide (Volume 111, Sect ion 5, i n  combination wi th  Volume 11, 

Sect ion  3 .3 ) .  

An approach t o  automatic TIROS p i c t u r e  annota t ion  and i n t e r -  

p r e t a t i o n  i s  ou t l ined  i n  Volume I, Sect ion  3.  Tests of. t h e  

i n i t i a l  s t e p s  i n  t h i s  approach have been success fu l ly  completed 
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(Volume IV).  

o b j e c t i v e s  of t h i s  s tudy program, t h e  reasoning  under ly ing  t h e  

approach and i ts  implementation i s  b r i e f l y  r e c a p i t u l a t e d  below. 

Because of t h e  importance of t h i s  work t o  t h e  u l t i m a t e  

( a )  Approach 

I n  gene ra l  a TIROS p i c t u r e  shows s e v e r a l  d i f f e r e n t  

types  of cloud cover  which occupy d i f f e r e n t  r eg ions  on t h e  p i c t u r e .  

The automatic  i n t e r p r e t a t i o n  of t h e  p i c t u r e  r e q u i r e s  t h e  l o c a l -  

i z a t i o n  and i d e n t i f i c a t i o n  of t h e  cloud p a t t e r n s  i n  each of t h e s e  

reg ions .  

d e s i r e d  (e .g . ,  a s  t o  whether o r  no t  it con ta ins  a s p e c i f i c  type  of 

c loud formation, such a s  a vor tex) ,  it i s  s t i l l  i n  gene ra l  necessary 

t o  analyze every p o r t i o n  of t h e  p i c t u r e  i n d i v i d u a l l y .  I f  a n a l y t i c a l  

t e s t s  a r e  appl ied only t o  t h e  p i c t u r e  a s  a whole, it i s  very l i k e l y  

t h a t  t h e  p a t t e r n  or formation of i n t e r e s t  w i l l  be missed, s ince  t h e  

po r t ions  of the  p i c t u r e  which do n o t  con ta in  it w i l l  c o n t r i b u t e  

nega t ive ly  t o  the  r e s u l t s  of t h e  tests,  and t h e  p o s i t i v e  c o n t r i -  

bu t ion  made by t h e  p o r t i o n  ( i f  any) which does c o n t a i n  it may pass  

unnoticed. 

Even i f  only a c l a s s i f i c a t i o n  of t h e  e n t i r e  p i c t u r e  i s  

3 

3 .  When automatic cloud p i c t u r e  i n t e r p r e t a t i o n  i s  being 
performed by a Percept ion o r  s i m i l a r  " t r a i n a b l e "  device,  it may 
appear a s  through t h e  device i s  "looking" a t  t h e  p i c t u r e  a s  a whole. 
Actually,  however, t h e  device i s  applying t e s t s  i n  p a r a l l e l  t o  every 
p a r t  of the p ic tu re .  
f i c a t i o n s ,  say  i n t o  "contains  vortex" and "does n o t  c o n t a i n  "vortex", 
it i s  i n  e f f e c t  t e s t i n g  every p a r t  of t h e  p i c t u r e  f o r  " v o r t i c i t y "  and 
producing t h e  "contains vortex" response if and only i f  a t  l e a s t  one 
of t h e s e  l o c a l  t e s t s  y i e l d s  p o s i t i v e  r e s u l t s .  
i m p l i c i t l y  determined t h e  l o c a t i o n ( s )  of t h e  vo r t ex  p a t t e r n ( s ) ;  
however, i t s  l imi ted  output  c a p a b i l i t y  makes it unable t o  i n d i c a t e  
t h e s e  loca t ions ,  s o  t h a t  it can only produce t h e  o v e r a l l  c l a s s i f i -  
c a t i o n  of t h e  p i c tu re  a s  ou tput .  

When it has been t r a i n e d  t o  make c o r r e c t  c l a s s i -  

It w i l l  t h u s  have 
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These cons ide ra t ions  suggest t h e  fol lowing gene ra l  approach 

t o  automatic TIROS p i c t u r e  i n t e r p r e t a t i o n .  

inspec ted  through a "window'+ which shows only  a p o r t i o n  of it a t  

a time. 

t o  cloud type .  

of t h e  window wi th in  t h e  p i c tu re .  

The p i c t u r e  i s  

This p o r t i o n  i s  analyzed and i f  poss ib l e  c l a s s i f i e d  as 

This  process  i s  repea ted  f o r  a l l  poss ib l e  p o s i t i o n s  

Assuming t h a t  adequate a n a l y t i c a l  

t es t s  can be devised,  t h i s  procedure should c o r r e c t l y  i d e n t i f y  t h e  

cloud cover type  which shows through t h e  window whenever t h e  

window i s  i n  a p o s i t i o n  such t h a t  p r imar i ly  only one type  i s  

v i s i b l e .  The aggregate  of these l o c a l  i d e n t i f i c a t i o n s  c o n s t i t u t e s  

t h e  i n t e r p r e t a t i o n  of t h e  p i c t u r e .  

(b)  F e a s i b i l i t y  

The f e a s i b i l i t y  of t h e  "windowr* approach t o  automatic 

cloud p i c t u r e  i n t e r p r e t a t i o n  depends on t h e  fol lowing assumptions: 

(1) The window s i z e  used must be large enough f o r  it 

t o  be poss ib l e  t o  recognize cloud cover types  by analyzing window- 

s i zed  samples ou t  of contex t .  

( 2 )  The window s i z e  used must be small enough f o r  

t he  window t o  f i t  i n s i d e  t h e  reg ions  i n  which t h e  cloud cover types  

t o  be recognized occur .  

The s t u d i e s  success fu l ly  completed under t h i s  c o n t r a c t  and descr ibed 

i n  Volumes I I - I V  of t h i s  Final  Report have demonstrated t h a t  these 

condi t ions  can  i n  f a c t  be s a t i s f i e d  simultaneously.  

( c )  Implementation 

To implement an automatic i n t e r p r e t a t i o n  system 
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of the "window" type ,  it i s  necessary t o  specify:  

(1) The s i z e ( s )  of window t o  be used. 

( 2 )  The tes ts  t o  be appl ied  t o  t h e  cloud p a t t e r n s  

which show through t h e  window i n  o rde r  t o  i d e n t i f y  them. 

J u s t  as it w i l l  almost c e r t a i n l y  be necessary t o  apply more than  

one type  of test i n  o r d e r  t o  be a b l e  t o  i d e n t i f y  a l l  of t h e  cloud 

cover types  of i n t e r e s t ,  so it may be d e s i r a b l e  t o  use  more than  

one window s i z e .  

of "sol id"  cloud cover ("overcast")  o r  of "so l id"  non-cloud ( "clear") 

r e q u i r e s  a r e l a t i v e l y  small window, whereas r ecogn i t ion  of t h e  

var ious  types  of broken cloud cover ("cells",  "bands" , e tc  . ) may 

r e q u i r e  a considerably larger window, s i n c e  a small window w i l l  

not  i n  gene ra l  show enough of such cloud cover  t y p e s  t o  r ep resen t  

t h e i r  d e f i n i n g  character is t ics .  

For example, it can  be seen t h a t  r ecogn i t ion  

I n  des igning  a p r a c t i c a l  window-type i n t e r p r e t a t i o n  

system, it i s  d e s i r a b l e  t o  begin by applying simple tes ts  which 

d i sc r imina te  among t h e  most b a s i c  cloud p a t t e r n  types .  

s t u d i e s  of t h e  d i s c r i m i n a b i l i t y  of cloud cover types  on TIROS 

p i c t u r e s  by human observers  (see Volume 11) i n d i c a t e  t h a t  t h e  

most fundamental d i sc r imina t ion  i s  t h a t  between the  " so l id"  types  

and t h e  "broken" types.  I d e n t i f i c a t i o n  of these types  as a f i r s t  

s t ep  can  a l s o  s implify t h e  a n a l y s i s  of t h e  broken t y p e s  on subsequent 

s t e p s ,  s i n c e  the  "so l id"  reg ions ,  once i d e n t i f i e d ,  can  be el iminated 

from t h e  p i c t u r e  so t h a t  they  do not  i n t e r f e r e  wi th  the  broken reg ion  

a n a l y s i s  where they over lap  the  window. 

Experimental 
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(d)  Prel iminary s t u d i e s  

The recommended f i r s t  a n a l y s i s  Step, i n  which "so l id"  

and "broken" reg ions  a r e  d iscr imina ted ,  has  been implemented 

experimental ly .  Two d i g i t a l  computer programs f o r  performing 

t h i s  d i sc r imina t ion  have been w r i t t e n  and success fu l ly  t e s t e d  

as descr ibed i n  Volume I V  of t h i s  Report. 

( e )  Fur ther  s t u d i e s  

The f i r s t - l e v e l  problem of subdividing a p i c t u r e  

i n t o  s o l i d  and broken regions i s  now e s s e n t i a l l y  solved.  The 

next  s t e p  t o  be taken  involves w r i t i n g  computer programs f o r  

f u r t h e r  subdividing t h e  solid and brokenregions i n t o  subregions 

having optimum d i f f e r e n c e s  with r e spec t  t o  such basic parameters 

as mean b r igh tness .  The regions r e s u l t i n g  from t h i s  second 

s t e p  should resemble q u i t e  c lose ly  those  o n  nephanalyses produced 

by human a n a l y s t s .  Subsequent s t e p s  would then  p r imar i ly  involve  

applying f u r t h e r  t es t s  t o  these reg ions  i n  o r d e r  t o  i d e n t i f y  t h e  

cloud cover which they  contain,  and would only r a r e l y  lead t o  

f u r t h e r  subdiv is ion  of t h e  regions.  

34 



References 

Arking, A . ,  L a t i t u d i n a l  D i s t r i b u t i o n  of Cloud Cover from TIROS I11 
Photographs, Science,  1964, 569-572 

Bergeron, T., On t h e  Physics  of Clouds, Meteor. Assoc. I n t .  
Union f o r  Geodesy and Geophysics, Paris 1933 

Conover, J . ,  Cloud I n t e r p r e t a t i o n  from S a t e l l i t e  A l t i t udes ,  
Research Note 81, A i r  Force Cambridge Research Labora tor ies ,  
J u l y  1962, and Supplement 1, May, 1963 

Douglas, C.K.M., The Phys ica l  Processes  of Cloud Formation, 
Quart .  J .  R. Meteor. SOC. 60, 1934 

Epstein,  E .S . ,  and Leese,.J.A., Applicat ion of Two-Dimensional 
S p e c t r a l  Analysis t o  Quan t i f i ca t ion  of S a t e l l i t e  Cloud 
Photographs, F i n a l  Report ,  ORA P r o j e c t  05068 

Erickson, C.O. ,  and Hubert, L.F. ,  I d e n t i f i c a t i o n  of Cloud Forms 
from TIROS I p i c t u r e s ,  Meteorological  S a t e l l i t e  Laboratory 
Report #7, June, 1961 

Glaser, A.H. ,  Meteorological U t i l i z a t i o n  of Images of t h e  E a r t h ' s  
Sur face  Transmitted from a S a t e l l i t e  Vehicle ,  Blue H i l l  
Meteorological Observatory, O c t .  1957 

Giray tys ,  J . ,  I n v e s t i g a t i o n s  of t h e  Q u a n t i t a t i v e  I n t e r p r e t a t i o n  
of Brightness  on TIROS I F i l m ,  S.M. Thes is ,  Pennsylvania 
S t a t e  Univers i ty ,  Sept .  1962 

Howard, L. , On t h e  Modif icat ions of Clouds and on t h e  P r i n c i p l e s  
of The i r  Production, Suspension and Des t ruc t ion ,  
P h i l .  Mag. 1 6 ,  1803, 97-107, 344-357 

Howell, W.E., The C l a s s i f i c a t i o n  of Cloud Forms, Compendium of 
Meteorology, h e r .  Meteor. SOC. , 1951 

35 



. .  

- ,  

Appendix: I n t e r p r e t a t i o n  of TIROS Pic tu res  - An Annotated 
Biblioqraphy (January, 1963 - June, 1964) 

A comprehensive annotated Bibliography on S a t e l l i t e  

Meteorology (1952-1962 1, prepared by t h e  American Meteorological 

Society,  was published by the United S t a t e s  Weather Bureau i n  

Apr i l ,  1963. The bibliography presented on the fo l lowing  pages 

supplements t h i s  by l i s t i n g  a number of important papers and 

r e p o r t s  which have appeared dur ing  1963 and 1964, pr imar i ly  on 

t h e  s u b j e c t  of TIROS p ic tu re  i n t e r p r e t a t i o n .  A few items omitted 

from t h e  Weather Bureau Bibliography are a l s o  included.  

A -1 



. .  

Arking, A.:  L a t i t u d i n a l  d i s t r i b u t i o n  of cloud cover from TIROS I11 
photographs, Science 143, 1964, pp. 569-572 

Automatic a n a l y s i s  of d i g i t i z e d  p i c t u r e s ,  bas ing  cloud- 
background disc-rirrdnation on b r igh tness  d i f f e r e n c e .  

Bal i les ,  M.D.,  and H. Neiss: Conference on  s a t e l l i t e  ice s t u d i e s .  
Meteorological S a t .  Lab. Rept. NO. 20, U.S.W.B., 
June 1963 

Blankenship, J.R.:  An approach t o  o b j e c t i v e  nephanalysis  from an  
ear th-or ien ted  s a t e l l i t e .  J. Appl. Met. Vol. 1, 1962 
pp. 581-2 (See a l s o  Comments by C.P. Wood, and a u t h o r ' s  
Reply, i b i d ,  Vol. 2 ,  1963, pp. 808-9) 

Approach i s  based on a v a i l a b i l i t y  of a c c u r a t e ,  
r e l i a b l e ,  radiometer  d a t a .  

Boucher, R. J., e t  al :  Synoptic i n t e r p r e t a t i o n  of cloud vor tex  
p a t t e r n s  as observed by meteoro logica l  sa te l l i t es .  
F ina l  r e p o r t  on ContractOhllr10630, November 1963. 

Detai led s t a t i s t i ca l  ana lyses  and development of 
i n t e r p r e t a t i o n  keys based on 78 t r o p i c a l  and 1 0 6  
e x t r a t r o p i c a l  ca ses .  
l i t e r a t u r e .  

Inc ludes  review of p r i o r  

B r i s t o r ,  C. L . ,  and W. M. C a l l i c o t t :  Meteorological  products  
from d i g i t i z e d  s a t e l l i t e  v id i con  cloud p i c t u r e s .  
Meteorol. Sa t .  Lab. Rept. No. 26, U.S.W.B. , March 1964. 

D i g i t a l  p rocess ing  inc ludes  mesoscale g r i d  summarization 
of cloud amount , br igh tness  , and b r igh tness  "anomaliesTT. 

Brodrick,  H . J . ,  Jr.: TIROS cloud p a t t e r n  morphology of some mid- 
l a t i t u d e  weather systems. Meteorol. S a t .  Lab. Rept . No. 
24, U.S.W.B., January 1964. 

Associat ion of c loudiness  with p o s i t i v e  v o r t i c i t y  
advection a t  500 mb. 

Clapp, P.F.: Global cloud cover f o r  seasons us ing  TIROS nephanalyses.  
Monthly Weath.Rev. 92, 1964, i n  p r e s s  

Conover, J.H.: Cloud and te r res t r ia l  albedo de te rmina t ions  from 
TIROS s a t e l l i t e  p i c t u r e s .  Presented a t  t h e  Nat iona l  
Conference on t h e  Physics  and Dynamics of Clouds, 
Chicago , Ill. , 26 March 1964. 

Radiance de te rmina t ions  from TIROS V I 1  p i c t u r e s  d i d  not 
compare w e l l  wi th  those  obtained from a c a l i b r a t e d  camera 
flown simultaneously on a U-2 a i r c r a f t .  

A - 2  



Conover, J . H . :  Lee wave clouds photographed from an  a i r c r a f t  and 
a s a t e l l i t e .  Weather 19, 1964, pp. 79-85, 92. 

Cramer, W.P.: An i n v e s t i g a t i o n  of t i m e  changes i n  c louds observed 
over t h e  Gulf of Mexico and Caribbean Sea du r ing  t h e  
per iod  18-23 J u l y  1961. S. M. Thes is ,  A I M  Col lege of 
Texas, May 1963. 

Analyses us ing  convent ional  data and TIROS I11 d a t a  
were used t o  i d e n t i f y  cloud systems formed when a n  
e a s t e r l y  wave crossed t h e  Caribbean Sea i n t o  t h e  Gulf 
and combined with an  upper t rough of p o l a r  o r i g i n  
moving eastward through the lower United S t a t e s .  

Cramer, W.P. and A. H. Thompson: Time changes i n  c louds  as shown 
by TIROS observat ions over  the Gulf of Mexico and 
Caribbean Sea during t h e  per iod  18-23 J u l y  1961. 
S c i e n t i f i c  Report on Contract  AF 19 (604)-8450, 
1 January 1964. 

Cronin, J.F.: Terrestrial f e a t u r e s  of t h e  United S t a t e s  as viewed 
by TIROS. 
1 J u l y  1963. 

S c i e n t i f i c  Report on Contract  AF 1 9  (628)-2471, 

A map has  been completed po r t r ay ing  t h e  United S t a t e s  
as i t s  su r face  f e a t u r e s  appear  i n  TIROS p i c t u r e s .  

Cronin, J. G. ,  e t  al: Spec ia l  s a t e l l i t e  cloud photographs 
ca ta logue .  F ina l  Report on Contract  &b 10628, 
November 1963. 

Analyses of 20 cases  taken  from TIROS I V Y  V, and V I  
coverage, showing bands, masses, l i n e s ,  s treets and 
v o r t i c e s .  

Def enee Research Board (Canada) : P r o j e c t  TIREC pre l iminary  
r e p o r t  by t h e  Canadian p a r t i c i p a t i n g  agencies .  
O t t a w a ,  February, 1963. 

I n t e r p r e t a t i o n s  of i ce  cond i t ions  from sa te l l i t e  
photography can provide reasonably r e l i ab le  information,  
p a r t i c u l a r l y  i n  regard t o  t h e  d i s t r i b u t i o n  of i ce  and 
the  p o s i t i o n  of i ce  boundaries.  

Epstein,  E.S. , and J. Leese: An i n v e s t i g a t i o n  of convect ive 
t r a n s f e r  processes  based on s a t e l l i t e  photographs. 
F i n a l  Report on Cont rac ts  Cwb-10062 and Cwb-10062-1, 
February 1963. 
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Contains (1) Applicat ion of two -dimensional spec t ra .1  
a n a l y s i s  t o  t h e  q u a n t i f i c a t i o n  of s a t e l l i t e  cloud 
photographs and ( 2 )  The na tu re  of phys i ca l  parameters 
a f f e c t i n g  convect ive t r a n s f e r  processes .  

F e t t ,  R. W.: Some c h a r a c t e r i s t i c s  of t h e  formative stage of 
typhoon development: A sa te l l i t e  s tudy.  Presented 
a t  the  Nat iona l  Conference on t h e  Physics  and Dynamics 
of Clouds, Chicago, Ill., 26 March 1964. 

Establishment of t h e  an t icyc lone  
apparent i n  t h e  s a t e l l i t e  p i c t u r e s  as revealed by 
c i r r u s  s t r i a t i o n s  d iverg ing  p a r a l l e l  t o  t h e  upper 
winds i n  the outf low l a y e r  of t h e  storm. 

a l o f t  i s  very 

F r i t z  S., e t  al: S a t e l l i t e  measurements of r e f l e c t e d  s o l a r  
energy and t h e  energy received a t  t h e  ground , J. 
A t m o s .  S c i .  21 ,  1964 

Problems a s soc ia t ed  with albedo measurements from 
satellites and t h e i r  comparison with a i r c r a f t  
measurements and grwLund observa t ions .  

- 

F u j i t a ,  T.:  Use of TIROS p i c t u r e s  for s t u d i e s  of t h e  i n t e r n a l  
s t r u c t u r e  of t r o p i c a l  storms. Research Paper No. 25 ,  
Mesometeorology P r o j e c t ,  Univers i ty  of Chicago, 
October , 1963. 

Three o r i e n t a t i o n s  of c louds " in  l i n e "  were ascribed t o  
( a )  The d i r e c t i o n  of t h e  low l e v e l  winds along which 
small cumuli a l i g n  as a cloud s t ree t  
(b) The "hurr icane rainband",  which probably r ep resen t s  
a s t r eak  l i n e  when large convect ive towers o r i g i n a t e  
a t  a f ixed ground source.  
( c )  The plumes of c i r r u s  from high convect ive towers 

F u j i t a ,  T. ,  and J. Arnold: The decaying stage of Hurricane Anna 
of Ju ly  1961 as portrayed by TIROS cloud photographs 
and inf ra - red  r a d i a t i o n  from t h e  top  of t h e  storm. 
Research Paper No. 28,  Mesometeorology P r o j e c t ,  
Universi ty  of Chicago. Presented a t  t h e  Third Technical  
Conference on Hurricanes and Trop ica l  Meteorology, 
Mexico City,  June 6-12 ,  1963. 

Giraytys  , J., e t  al: I n v e s t i g a t i o n s  i n t o  t h e  v a r i a t i o n  and 
d i s t r i b u t i o n  of r e l a t i v e  b r igh tness  on TIROS I photo- 
graphs.  F i n a l  Report on Contract  Cwb-10037, Apr i l  1962.  

Brightness var iance s p e c t r a  used t o  d e f i n e  r f s t ruc tu red"  
and "nonstructured" c louds  d i d  not  r e l i ab ly  d i s c r i m i n a t e  
cumuliform and s t r a t i f o r m  types .  
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Hadfield,  R.G., e t  a l :  Meteorological i n t e r p r e t a t i o n s  of sa te l l i t e  
cloud p i c t u r e s .  
January 1964. 

F i n a l  Report on Contract  Cwb 10481, 

A series of TIROS I11 o r b i t s  over  t h e  North A t l a n t i c  
du r ing  7-16 September 1961 was analyzed.  
enabled recogni t ion  of major f r o n t a l  bands, pos t -  
f r o n t a l  areas, large scale v o r t i c e s  and w e l l  developed 
r i d g e s  or high  c e l l s ,  and l o c a t i o n  of t h e  j e t  stream t o  
some degree 

The cloud cover  

Hansen, J.: S a t e l l i t e  photography as a means of eva lua t ing  t h e  
equat ions  of ver t ica l .  motion. S.M. Thes is ,  AGM College 
of Texas, May 1963. 

Cont inuat ion of S c i e n t i f i c  Report on Contract  AF 19  
(604)-8450 by t h e  au tho r  and A. H. Thompson 

Hansen, J . ,  and A. H.  Thompson: Vertical motion c a l c u l a t i o n s  and 
sa te l l i t e  cloud observa t ions  over  t h e  western and 
c e n t r a l  United States. 
AF 19(604)-8450, 2 January 1963. 

S c i e n t i f i c  Report on Contract  

Resul t s  of comparisons between convent ional  and s a t e l l i t e  
d a t a  showed only moderate agreement. 

Henry, W.K., and A.H. Thompson: The Texas dew p o i n t  f r o n t  as 
seen by TIROS I. S c i e n t i f i c  Report on  Contract  
AF 19(604)-8450, 1 February 1963 

Examples genera l ly  showed good agreement between t h e  
dew p o i n t  f r o n t  and t h e  cloud p a t t e r n  seen by t h e  
sa te l l i t e .  

Hiser, H.W., e t  a l :  Meso-scale synopt ic  a n a l y s i s  of r ada r  and 
In t e r im  r e p o r t  on s a t e l l i t e  meteorological  d a t a .  

Contract  Cwb 10242, November, 1962. F i n a l  Report ,  
October 1963. 

TIROS I11 p i c t u r e s  analyzed for 16  and 26 August 1961 
were found t o  be p r i m a r i l y  u s e f u l  i n  showing t h e  
geographic d i s t r i b u t i o n  of c louds  as r e l a t e d  t o  land  
masses and weather systems. Other case s t u d i e s  inc lude  
TIROS I, 3 June 1960; TIROS 111, 1 4  and 17 J u l y  1961. 

Huang, S . ,  e t  al: Meteorological sa te l l i t e  system a n a l y s i s .  F i n a l  
Report on Contract AF 19  (604)-5582, 30 June 1962. 
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Includes:  (a)Can TIROS see j e t  streams? 
(b) TIROS-revealed Afr ican d i s tu rbances  r e l a t e d  t o  
At l an t i c  hu r r i canes  (c )  Some informat ion- theore t ic  
cons idera t ions  and measurementsconcerning t h e  e f f i c i e n t  
processing of s a t e l l i t e  cloud p i c t u r e s  

boseph,  R.D.,  e t  all Cloud p a t t e r n  i n t e r p r e t a t i o n .  F i n a l  Report 
on Contract  NASw-609, August 1963. 

Self o rganiz ing  system had l i m i t e d  success  a t  vor tex  
recogni t  i o n  

Kerr, R.E. ,  e t  al: The use of meteorological  s a t e l l i t e  cloud 
photographs i n  s i l e n t  area f o r e c a s t i n g .  F i n a l  Report 
on Contract N189(188)55464A, 20 August 1963. 

Includes a n  o b j e c t i v e  method of c l a s s i f y i n g  cloud 
p a t t e r n s  seen by s a t e l l i t e s .  

Leese, J . A . :  Q u a n t i t a t i v e  i n t e r p r e t a t i o n  of low-level  cumuliform 
cloud p a t t e r n s  as seen on meteoro logica l  s a t e l l i t e  
videographs (Prel iminary r e s u l t s ) .  F i n a l  Report on 
Contract Cwb-10564, February 1964. 

Applicat ion of d i scr iminant  a n a l y s i s  techniques t o  
determine synopt ic  parameters which c o n t r i b u t e  t o  
these  p a t t e r n s  i n  semi-permanent oceanic  an t i cyc lones .  

Leese, J . A .  , and E. S. Epstein: Applicat ion of two-dimensional 
s p e c t r a l  a n a l y s i s  t o  t h e  q u a n t i f i c a t i o n  of s a t e l l i t e  
cloud photographs. J. Appl. Met. Vol 2 ,  1963, pp. 629-644. 

Two dimensional power spectrum a n a l y s i s  of TIROS 
photographs has revealed p a t t e r n s  which tended t o  be 
obscured by more dominant f e a t u r e s  i n  a d d i t i o n  t o  
p a t t e r n s  which were obvious i n  t h e  o r i g i n a l  p i c t u r e s .  

Lester, P .F . ,  e t  a l :  An i n v e s t i g a t i o n  of tone  v a r i a t i o n s  i n  a 
subt ropica l  jetstream and t h e  a s soc ia t ed  cloud p a t t e r n s  
as shown by TIROS I. S c i e n t i f i c  Report on Contract  
AF 19(604)-8450, 1 February 1964. 

Case study for 5-9 Apr i l  1960 

Marggraf, W.A.:  Weather s a t e l l i t e  d a t a  process ing .  F i n a l  Report 
on Contract AF 19(604)-8861, January 1964. 

Includes algori thms f o r  d e s c r i b i n g  cloud p a t t e r n s  
(amount, var iance ,  power spectrum, e t c . )  i n  d i g i t i z e d  
images. 
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Merri t t ,  E.S.: An a n a l y s i s  of s t r a t i f o r m  cloud p a t t e r n s  i n  t h e  
Canary I s l a n d s  region. 
AF 19(628)320, 1 July  1963 

S c i e n t i f i c  Report on Contract 

Var ia t ions  i n  cloud d i s t r i b u t i o n  i n  t h e  cases analyzed 
seem t o  be r e l a t e d  t o  v a r i a t i o n s  i n  t h e  d i r e c t i o n  of 
t h e  low l e v e l  wind. 

Merritt, E.S: F l e e t  app l i ca t ions ,  meteoro logica l  o p e r a t i o n a l  
sa te l l i t es  (Antarc t ic  a r e a ) .  F i n a l  Report on 
Contract  N189(188)56507A, 1 5  August ,1963. 

Techniques f o r  ex t r ac t ing  the fo l lowing  o p e r a t i o n a l l y  
u s e f u l  meteorological  information from sa t e l l i t e -  
observed cloud p a t t e r n s  have been developed: 
( a )  F i e l d  of motion of the lower and upper t roposphere  
(b )  Cyclonic vortex i n t e n s i t y ,  development and d i r e c t i o n  

of f u t u r e  motion 
( c )  D i f f e r e n t i a t i o n  of cloud from snow and snow-covered 

ice.  

Merritt, E.S.: Fleet  app l i ca t ions ,  meteorological  o p e r a t i o n a l  
sa te l l i t es  (Tropics - e a s t e r l y  waves). F i n a l  Report 
on Contract  N189 (188)56897A, December, 1963. 

F ive  d i s t i n c t l y  d i f f e r e n t  l i n e a r  and v o r t i c a l  cloud 
d i s t r i b u t i o n s  occur i n  a s s o c i a t i o n  with t r o p i c a l  
pe r tu rba t ions  i n  the A t l a n t i c  reg ion .  

Nagle, R.E.,  and R.H. Blackmer, Jr.: The use  of synopt ic -sca le  
weather r a d a r  observat ions i n  t h e  i n t e r p r e t a t i o n  of 
s a t e l l i t e  cloud observat ions.  F i n a l  Report on 
Contract  AF 19 (628)-284, December 1962. 

No c h a r a c t e r i s t i c s  of TIROS 1 p i c t u r e  data  were found 
t h a t  allowed s p e c i f i c  de te rmina t ion  of p r e c i p i t a t i n g  
clouds . 

Randerson, D . ,  and A. H. Thompson: I n v e s t i g a t i o n  of a TIROS I11 
photograph of t h e  F lo r ida  peninsula  taken  on 1 4  J u l y  
1961. S c i e n t i f i c  Report on Contract  AF 19(604)8450, 
1 January 1964. 

Ruzecki, M. A.: The u s e  of s a t e l l i t e  cloud photographs i n  numerical  
weather p red ic t ion .  Meteorol. S a t .  Lab. Rept. No. 2 3 ,  
U.S.W.B., December 1963. 

Use of TIROS p i c t u r e s  and nephanalyses i n  sparee  d a t a  
areas t o  modify the  stream func t ion  f i e l d  obtained 
by o b j e c t i v e  ana lys i s  r e s u l t e d  i n  some improvement 
i n  the 36 hour fo recas t .  
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Serebreny, 

Serebreny, 

Serebreny, 

S.M., and J . E .  Alder: The synopt ic  c l imatology of 
c loud-free areas. F i n a l  Report and S c i e n t i f i c  Report 
on Contract  AF 19(628)-2363, January 1964. 

The synopt ic  p a t t e r n s  and a i r  mass c h a r a c t e r i s t i c s  
assoc ia ted  with high nor thern  l a t i t u d e  c lear  areas 
of 1 / 2  m i l l i o n  square n a u t i c a l  miles or more were 
inves t iga t ed .  

S.M., and R. H. Blackmer, Jr.: Cloud r e sea rch  d a t a .  
F i n a l  Report on Contract  AF 19(604)-7312, February 1963. 

Cloud cover  s ta t i s t ics  der ived  i n  p a r t  from TIROS d a t a .  

S.M., and E .  J.  Wiegman: The d i s t r i b u t i o n  of c l e a r  a i r  
turbulence r e p o r t s  and cloud p a t t e r n s  as  seen i n  s a t e l l i t e  
photographs. 
January 1964. 

F i n a l  Report on Contract  Cwb-10481, 

S a t e l l i t e  photographs of low p res su re  v o r t i c e s  may provide 
a u s e f u l  supplemental t o o l  i n  e s t a b l i s h i n g  t h e  areal  
d i s t r i b u t i o n  of clear a i r  turbulence  r i s k  dur ing  va r ious  
s tages  of cyclone development. 

Taylor ,  R.C.: The u t i l i z a t i o n  of TIROS p i c t u r e s  t o  some s e l e c t e d  
s tud ie s  of t r o p i c a l  meteorology. F i n a l  Report on Contract  
AF 19 (604)-6156, A p r i l  1964. 

Summarizes S c i e n t i f i c  Reports i s sued  under t h e  Contract  
including: ( a )  Sadler ,  J. C.: T rop ica l  cyclones of t h e  
Eastern North P a c i f i c  as revealed by TIROS observa t ions ,  
May 1963 and ( b ) i b i d .  : TIROS observa t ions  of t h e  summer 
c i r c u l a t i o n  and weather p a t t e r n s  of t h e  e a s t e r n  North 
P a c i f i c ,  October 1963. 

[Tepper, M.D., e t  a l l  Weather s a t e l l i t e  systems. As t ronaut ics  and 
Aerospace Engineering, Vol. 1, No. 3 ,  A p r i l  1963 
(Special  I s s u e )  

Thompson, A.H. :  S tud ie s  of s a t e l l i t e  meteoro logica l  d a t a  f o r  lower 
middle l a t i t u d e  weather s i t u a t i o n s .  F i n a l  Report on 
Contract AF 19(604)-8450, 1 February 1964. 

Summary of the S c i e n t i f i c  Reports on t h e  c o n t r a c t .  

Ting, L.:  Vortical cloud p a t t e r n s  on t h e  leeward s i d e  of i s l a n d s .  
F ina l  Report on Grant WBG-12, November 1963. 

A theory of t h e s e  p a t t e r n s  as observed by TIROS i s  
advanced . 
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Whitney, L.F., Jr.,: Severe storm clouds as seer, from TIROS. 
J. Appl. Met., Vol. 2 ,  1963, pp.501-7. 

I n  t h e  cases  inves t iga t ed ,  t h e  cloud p a t t e r n s  producing 
severe weather are medium scale systems charac te r ized  
by s t rong  br ightness  and w e l l  def ined  borders and are 
either i s o l a t e d  from o t h e r  c louds o r  separated by a 
break i n  t h e  cloudiness  a t  t h e  per iphery.  
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VOLUME I1 

Cloud P a t t e r n  Analysis by I n t e r p r e t e r s  

ABSTRACT 

This volume desc r ibes  a series of q u a n t i t a t i v e  s t u d i e s  of 

thl2 a b i l i t i e s  of human i n t e r p r e t e r s  t o  analyze and describe c loud  

p a t t e r n s  i n  p i c t u r e s  obtained by TIROS. The experimental  t a s k s  

inc lude  cloud p i c t u r e  annota t ions ;  c loud p a t t e r n  d i sc r imina t ion  

and c l a s s i f i c a t i o n ;  and judgments of s p e c i f i c  parameters which 

a r e  u s e f u l l y  d e s c r i p t i v e  of cloud cover.  
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1. Int roduct ion  

This volume describes a series of experimental  s t u d i e s  of 

human performance i n  the  desc r ip t ion  and a n a l y s i s  of TIROS cloud 

cover p i c t u r e s .  These s tudies  c o n s t i t u t e  an important source of 

q u a n t i t a t i v e  information on human i n t e r p r e t a t i o n  of TIROS p i c t u r e s .  

Pr imari ly ,  however, they were performed i n  order  t o  provide a basis 

for so lv ing  c e r t a i n  b a s i c  problems r e l a t i n g  t o  the p o s s i b i l i t y  of 

i n t e r p r e t i n g  TIROS p ic tu re s  au tomat ica l ly .  

An approach t o  automatic i n t e r p r e t a t i o n  which shows promise 

of f e a s i b i l i t y  involves  the  i d e n t i f i c a t i o n  of t he  cloud cover which 

can be seen through a "window" as the window scans over the given 

p i c tu re .  From a s e t  of such piecewise i d e n t i f i c a t i o n s ,  a nephanalysis 

of the e n t i r e  p i c tu re  can of ten  be constructed.  This approach i s  

q u i t e  p l aus ib l e  i f  it can be e s t a b l i s h e d  t h a t  the d iscr imina t ion  of 

basic cloud cover types by observers 

(a )  Can be explained i n  terms of t h e i r  percept ion of a 

l imi t ed  number of p r i m i t i v e  p rope r t i e s  of cloud 

pa t t e rns  which can be def ined q u a n t i t a t i v e l y  

Does not  s t rongly  depend on contex tua l  cues 

Does no t  s t rongly  depend on s p e c i a l  meteorological  

knowledge. 

( b )  

( c )  

Indeed, if any of these a s se r t ions  were f a l s e ,  it would appear highly 

un l ike ly  t h a t  an automatic system, l ack ing  meteorological t r a in ing ,  

r e s t r i c t e d  t o  observing the cloud cover "through a window," and 



capable of making only simple q u a n t i t a t i v e  measurements, could 

succeed i n  analyzing TIROS p i c tu re s .  

The s tudies  descr ibed i n  t h i s  wlume demonstrate t h a t  

(1) Novices and expe r t s  perform comparably i n  cloud 

cover d i sc r imina t ion  t a s k s  involv ing  cloud p i c t u r e  

annotat ion (Sect ion 2 )  

( 2 )  Basic cloud cover types  can be c o r r e c t l y  c l a s s i f i e d  

when seen through a r e l a t i v e l y  small  "window. '' 
C l a s s i f i c a t i o n  performance i s  not  s i g n i f i c a n t l y  a f f ec t ed  

by window shape o r  by the presence of contex t  and can 

be performed by novices wi th  a minimum of b r i e f i n g  

(Section 3 )  

( 3 )  Judgments of b a s i c  cloud p a t t e r n  parameters by 

observers can be used t o  def ine  these  parameters 

q u a n t i t a t i v e l y  (Sect ion 4 )  

2 



. .  

2 .  Cloud p a t t e r n  d i sc r imina t ion  

2 . 1  Annotation 

a A set  of twenty-eight TIROS p i c t u r e s  (Volume 111, Figure 13a)  

was used i n  a comparative study of c loud p i c t u r e  anno ta t ion .  

I n  F igures  1-6 t h r e e  independent sets of anno ta t ions  are shown 

f o r  t h e  f i r s t  s i x  of t h e s e  p i c t u r e s .  I n  t h e s e  f i g u r e s ,  t h e  do t t ed - l ine  

over lay  i s  a consensus of annotat ions by t h r e e  Budd Company 

employees who had no s i g n i f i c a n t  degree of p r i o r  experience 

I with  such p i c t u r e s ;  t h e  dashed-line overlay i s  a s i m i l a r  consensus for 

t h r e e  Goddard Space F l i g h t  Center employees who had cons iderable  

p r i o r  experience;  and the  s o l i d - l i n e  overlay was made by a consu l t an t  

a n a l y s t  i n  a manner c o n s i s t e n t  with t h e  o b j e c t i v e  cloud cover 

d e s c r i p t i o n  system descr ibed  i n  Volume I of t h i s  r e p o r t .  

The i n s t r u c t i o n s  t o  t h e  annota tors  were as fol lows:  

"I w i l l  show you a number of t y p i c a l  TIROS photographs. 

P lace  a p l a s t i c  over lay  over each of t h e  photos and 

i n d i c a t e  t h e  photograph number and t h e  f i d u c i a l  marks 

on t h e  over lay  with t h e  grease  p e n c i l .  Then o u t l i n e  

t h e  a r e a s  of meteorological s ign i f i cance  on t h e  over lay  

with t h e  grease penc i l .  I w i l l  show you two examples 

of photographs t h a t  have a l r eady  been annotated.  Are 

there any ques t ions  about what you have t o  do?" 

The following r u l e s  were used i n  conso l ida t ing  thel'consensus" 

annota t ions  : 

(1) All reg ions  must be bounded by closed curves ;  

3 
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I 

even t h e  narrowest regions can  not  be ind ica t ed  

by s i n g l e  arcs. 

t h e  annota tors  were completed i n t o  c losed  curves.  

Broken curves  or a r c s  used by 

( 2 )  Annotations which agreed on p a r t  of a r eg ion  

boundary were combined only  i f  they appeared t o  

refer t o  t h e  same region on t h e  same s i d e  of t h e  

boundary. 

( 3 )  Regions were marked on t h e  consensuses i f  

t hey  were agreed upon by a major i ty  of t h e  

annota tors .  I f  no majori ty  e x i s t e d  f o r  a region 

but  t h e  s e l e c t i o n s  of e i t h e r  a l l  o r  some p a r t  

of a reg ion  added up t o  a major i ty ,  it was con- 

s idered  t h a t  a majority had chosen t h e  p a r t  (bu t  

not t h e  whole). 

The s t rong  consis tency among t h e  annota t ions  i n  Figures  1-6 

i n d i c a t e s  t h a t  experience i s  not a major f a c t o r  i n  d i sc r imina t ion  

among bas i c  cloud c w e r  types .  The agreement i s  worst f o r  t h e  

" f e a t u r e l e s s n  p i c t u r e s  ( p a r t i c u l a r l y  Figure 4 )  i n  which t h e  l a c k  

of c l e a r l y  d iscr iminable  d i f f e rences  makes disagreement almost 

i n e v i t a b l e .  

2 .2  P a i r  comDarison 

A s  a prel iminary t o  t h e  extensive cloud p a t t e r n  c l a s s i f i c a t i o n  

s t u d i e s  descr ibed i n  Sect ion 3, a p a i r  comparison experiment 

was performed us ing  two samples each of f i v e  basic cloud cover 

types  as shown i n  Figure 7 .  I n  t h i s  experiment each sample 

4 



TYPE NAME 

I SOLID 

2 FIBROUS 

3 

4 CELLULAR 

5 BANDED 

FIG.7 CLOUD COVER SAMPLES USED IN PAIR COMPARISON EXPERIMENT 
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was pa i red  with every o t h e r  sample except  i t s e l f ,  and t h e  

s u b j e c t s  were asked whether or not  t h e  samples i n  each p a i r  

were from t h e  same cloud cover class. The i n s t r u c t i o n s  t o  t h e  

s u b j e c t s ,  who were Budd Company draf tsmen,  were as follows: 

"1 w i l l  p r e sen t  you with a number of p a i r s  of p i c t u r e s .  

Each p i c t u r e  i s  an  example of a cloud type .  

of p i c t u r e s  a r e  not  i d e n t i c a l  bu t  they  may or not be 

examples of t h e  same cloud type .  

The p a i r s  

Answer YES i f  you think the p i c t u r e  on t h e  r igh t  i s  from a 

category similar t o  t h e  one on t h e  l e f t .  

i f  you t h i n k  the p a i r s  a r e  d i s s i m i l a r .  

Answer NO 

Ignore any d i f f e r e n c e  i n  d e n s i t y  (gray scale) between 

t h e  two p i c t u r e s  and any e f f e c t s  due t o  TV raster l i n e s . "  

The resu l t s  of t h i s  experiment are  summarized i n  Figure 8.  

I n  s p i t e  of t h e i r  having no p r i o r  knowledge about t h e  number or 

na tu res  of t h e  cloud cover types  used, a major i ty  of t h e  s u b j e c t s  

always made a "same" judgment f o r  t h e  p a i r  of samples which were 

a c t u a l l y  of t h e  same type .  

judged "same" when pa i red  wit% any o t h e r  type .  The area-covering 

types  ( "sol id"  and "fibrous", "bands" and Tf re t i cu la t ed 'T )  were 

confused s i g n i f i c a n t l y  of ten ;  t h i s  was t r u e  i n  p a r t i c u l a r  f o r  

t h e  two "unbrokenTT types  ( TTsolid" ,  "f ibrous")  and t h e  two TTbroken" 

types  ( "bands", " re t icu la ted") .  These resul ts  a r e  c o n s i s t e n t  

with t h e  "decis ion t r e e "  c loud  p a t t e r n  c l a s s i f i c a t i o n  system out l ined  

i n  Volume I. 

The T ' i so la ted  ce l l "  type was r a r e l y  

5 
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3. Cloud p a t t e r n  c l a s s i f i c a t i o n  

S ix  samples each of f ive  bas i c  area-covering cloud cover types 

("sol id ,  T' "f ibrous , l1 "re t icu la ted ,  T1ce l lu la r l l  and lrbandedll) were 

s e l e c t e d  a f t e r  examination of s e v e r a l  hundred TIROS I V  frames. 

These samples a r e  shown i n  Figure 9-13. (The frames on which they  

appear - sometimes more than  one on the same frame - a r e  l i s t e d  i n  

Volume 111, Figure 13b.)  They were used i n  t h e  series of cloud cover 

c l a s s i f i c a t i o n  experiments described below. 

3 .1  Preliminary Study 

A prel iminary experiment was performed t o  v e r i f y  t h e  f e a s i b i l i t y  

of t h e  genera l  experimental  procedure. I n  t h i s  experiment t h e  cloud 

cover  samples used were e n t i r e  regions,  c u t  out  along t h e i r  boundaries, 

a s  i n  Figures 9-13. F ive  reference o r  prototype samples, one of each 

cloud cover type , were se lec ted .  The sub jec t s  , who were Budd Company 

employees, were shown these  samples and t o l d  t h a t  they def ined f i v e  

cloud cover c l a s s e s ;  they were then  shown t h e  remaining samples one 

a t  a t i m e  and asked t o  iden t i fy  them. The re ference  samples were 

i d e n t i f i e d  by t h e  l e t te rs  A-E r a t h e r  than by d e s c r i p t i v e  names. The 

i n s t r u c t i o n s  t o  t h e  subjec ts  were a s  fol lows:  

"Each of t h e  photographs above i s  an i l l u s t r a t i o n  of a 
c l a s s  of cloud formations.  Study them f o r  a minute. I 
am going t o  show you a series of photographs of repre-  
s e n t a t i v e  samples of cloud formations.  A s  I show you 
each sample, place it next  t o  - one of t h e  f i v e  cloud 
formations.  Each of the  samples belongs t o  j u s t  - one 
of the  ca t egor i e s  and only ONE, but t h e r e  may be only 
a few samples of some of t he  c l a s s e s  and many samples 
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of t h e  o t h e r  classes." '  

The responses of t h e  subjec ts  a r e  graphed i n  Figure 14 .  They 

i n d i c a t e  a high degree of d i s c r i m i n a b i l i t y  among t h e  f i v e  cloud cover 

types .  

3 .2  Study I: E f f e c t  of number of examples used t o  de f ine  t h e  c l a s s e s  

I n  the  f i r s t  major study, which served a s  procedural  model f o r  

a l l  of t he  s tud ie s ,  t h e  influence of amount of t r a i n i n g  on t h e  accuracy 

of cloud cover c l a s s i f i c a t i o n  was inves t iga t ed .  Tra in ing  cons i s t ed  

of d i sp lay ing  one or more prototypes of each cloud cover c l a s s  t o  t h e  

observer  p r i o r  t o  h i s  viewing of t h e  t e s t  samples. The ques t ion  a r i s e s  

whether use of more than one prototype of each cloud cover c l a s s  i n  t h e  

t r a i n i n g  se s s ion  w i l l  improve performance. Since t h e  prototypes a r e  

n o t  accompanied by any add i t iona l  desc r ip t ion ,  i f  only one per  c l a s s  

i s  used t h e  observer  may inco r rec t ly  assume t h a t  some a c c i d e n t a l  

f e a t u r e  of t h e  p a r t i c u l a r  example used i s  t h e  property on which he 

i s  t o  base h i s  c l a s s i f i c a t i o n .  

Three of t h e  s i x  samples were randomly se l ec t ed  t o  be t e s t  

f i g u r e s .  

t h e  t r a i n i n g  sess ion .  

The remaining f igu res  were used a s  "def in ing  f i g u r e s "  i n  

All samples were masked so t h a t  t h e  observers 

1. It i s  noted t h a t  no attempt i s  made t o  de f ine  ve rba l ly  
f o r  t h e  sub jec t s  t h e  cloud cover types ;  they a r e  shown examples 
of each type and make t h e i r  judgments about t h e  t e s t  da t a  on t h e  
bas i s  of t hese  examples. A consis tency of t e s t  r e s u l t s  among 
sub jec t s  then a s su res  t h a t  an understanding of t h e  cloud type has 
been success fu l ly  conveyed t o  them without having t o  frame a formal 
d e f i n i t i o n .  

This i s  a l s o  t r u e  or o the r  experiments descr ibed below i n  
which sub jec t s  a r e  asked t o  make judgments based on a concept made 
known t o  them by example i n  l i e u  of a ve rba l  d e f i n i t i o n .  

7 
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saw only a square p iece  of each, approximately twenty r e s o l u t i o n  

elements (= apparent r a s t e r  l i n e s )  on a s ide ,  roughly 1" x 1" a t  

t he  s c a l e  of t h e  photographs used. 

F i f t e e n  employees of t he  Budd Information Sciences Center 

(BISC)  were used a s  sub jec t s  f o r  t h i s  f i r s t  s tudy.  The sub jec t s  

were pr imar i ly  t echn ic i ans  and draftsmen who had no previous 

experience with cloud cover annotation. The t e s t  f i g u r e s  were 

displayed a t  room i l luminat ion  f o r  a t i m e  per iod of up t o  fou r  

seconds, which was s u f f i c i e n t  t i m e  i n  a l l  cases  f o r  an assignment 

t o  be made. The sub jec t s  were n o t  t o l d  the  names of t h e  cloud 

cover types,  s ince  these  names a r e  d e s c r i p t i v e  of t h e  r e l evan t  

f e a t u r e s  of t h e  cloud cover;  ins tead ,  t h e  de f in ing  f i g u r e s  were 

assigned l e t t e r  des igna t ions ,  A, B, C, D, and E .  

The i n s t r u c t i o n s  t o  t h e  sub jec t s  follow: 

"The Research Department has  developed a series of 
c l a s s i f i c a t i o n s  of cloud types  f o r  use i n  t h e  a n a l y s i s  
of TIROS photographs. Five such c l a s s e s  a r e  shown 
on t h e  desk l abe led  A, B, C, D, E,  with (one, two, 
t h r e e )  i l l u s t r a t i o n  (s)  of each c l a s s .  

I w i l l  show you a number of cloud excerp ts  taken from 
t y p i c a l  cloud photographs. Compare each excerp t  with 
t h e  f i v e  cloud ca tegor ies  before you and t e l l  m e  t h e  
category t h a t  you believe' it resembles more c l o s e l y .  

I n  order  f o r  t he  cloud excerpt  t o  be assigned t o  a 
cloud category t h e  excerpt must contain predominantly 
t h a t  cloud category. If t h e  cloud shown i n  t h e  excerp t  
does not  resemble any of t h e  f i v e  cloud ca t egor i e s  it 
should be assigned t o  the remaining category, OTHER." 

The sub jec t s  were divided i n t o  t h r e e  groups of f i v e  each. 

Group 1 was shown only one def in ing  f i g u r e  f o r  each cloud cover c l a s s ;  

8 



GroLp 2 was shown two de f in ing  f i g u r e s  f o r  each c l a s s ;  and Group 3 

t h r e e  d e f i n i n g  f i g u r e s  f o r  each c l a s s .  

de f in ing  f igu res  i n  t h e  i n i t i a l  t r a i n i n g  se s s ion  u n t i l  they repor ted  

t h a t  they were ready f o r  t h e  t e s t  f i g u r e s .  

were no t  removed, so  t h a t  t h e  sub jec t s  were a b l e  t o  view them dur ing  

The sub jec t s  examined t h e  

The d e f i n i n g  f i g u r e s  

t h e  e n t i r e  t e s t  sess ion .  

The subjec ts  were then  presented with twenty t e s t  f i g u r e s  i n  a 

random sequence. 

c l a s s e s  A-E, and f i v e  t e s t  f i g u r e s  (shown i n  Figure 1 5 )  f o r  t h e  

"other" c l a s s .  This i nequa l i ty  helped t o  prevent t h e  sub jec t s  from 

assuming t h a t  t he re  were equal  numbers of t e s t  f i g u r e s  f o r  a l l  

c l a s ses ,  which would tend  t o  r e s t r i c t  t h e i r  choices  f o r  t h e  l a s t  few 

t e s t  f i g u r e s .  They were asked t o  s t a t e  t o  which c l a s s  they bel ieved 

each t e s t  f igu re  belonged. 

were not  permitted.  

two a d d i t i o n a l  t e s t  t r i a l s  were made. The procedure was i d e n t i c a l  

Three t e s t  f i g u r e s  were used for each of t h e  

Repl ies  of "not known" or "undecided" 

The t e s t  f i g u r e s  were then  re-randomized and 

f o r  each group except t h a t  a d i f f e r e n t  number of d e f i n i n g  f i g u r e s  

was used. 

The score of the  accuracy of assignment of a t e s t  f i g u r e  t o  

i t s  proper c l a s s  f o r  each sub jec t  was h i s  mean number of c o r r e c t  

c l a s s  assignments f o r  t h e  t h r e e  t e s t  sequences. 

summarized i n  Figure 16,  cons is ted  of a repea ted  measurements design 

f o r  t h e  ana lys i s  of var iance.  

of de f in ing  f i g u r e s  from one t o  t h r e e  i s  c l e a r l y  not  s i g n i f i c a n t .  

The ana lys i s ,  

The e f f e c t  of i nc reas ing  t h e  number 
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Sum of Degrees  of Mean 
Source of Variance Squares  Freedom Square F Significance 

Between No. of Def. Fig.  

Between Subj. in  Same 
Def. Fig.  

Between Cloud Classes  

Classes  x No, of Def. Fig.  

Subi. x Classes  
1 

TOTAL 

2.11 

5.61 

33.64 

6.53 

17.63 

65.52 

2 

12 

5 

10 

60 

89 

1.05 

.47  

6 .73  

. 6 5  

.29  

2.23 

23.21 

2.24 

Pooled f r o m  each group of defining figures 1 

** Significant at . O l  level 

F igure  16 

Analysis of Variance f o r  E f fec t  of Inc reas ing  

Number of Defiping Figures (Study I)  
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Since t h e  numbers of def in ing  f i g u r e s  used i n  t h e  study were 

f ixed ,  and only up t o  t h r e e  def in ing  f i g u r e s  were permitted,  t h e  

gene ra l i za t ion  t h a t  i nc reas ing  t h e  number of d e f i n i n g  f i g u r e s  w i l l  

not  improve performance i s  not  warranted s t a t i s t i c a l l y  (Edwards, 

1960) .  However, i n  view of the f a c t  t h a t  t r i p l i n g  t h e  number of 

de f in ing  f i g u r e s  d i d  not  s i g n i f i c a n t l y  a l t e r  performance, such a 

gene ra l i za t ion  i s  a t  l e a s t  very p l a u s i b l e .  

3 .3  Study 11: E f f e c t  of reduced sample s i z e  

One of t he  p r i n c i p a l  goals of t h i s  r e sea rch  program i s  t h e  

determinat ion of t h e  dimensions of t h e  cloud cover samples which 

should be analyzed by an automatic cloud mapping system. I f  t h e  

sample i s  too  l a rge ,  t he  samples w i l l  t end  t o  include more than  one 

cloud cover type,  making recogni t ion  d i f f i c u l t .  On t h e  o t h e r  hand, 

i f  it i s  too  small ,  not enough information f o r  recogni t ion  may be 

p re sen t .  The bes t  sample s i ze  i s  probably t h a t  j u s t  above t h e  

th re sho ld  of minimum information needed f o r  i d e n t i f i c a t i o n .  

I n  t h e  second study the ana lys i s  of var iance was used t o  f i n d  

a range of sample s izes  containing the  threshold ,  a s  charac te r ized  

by t h e  f a c t  t h a t  a marked drop i n  performance occurs over t h e  range, 

while f u r t h e r  reduct ion  i n  sample s i z e  does not s i g n i f i c a n t l y  

a l t e r  performance. 

A s  suggested by t h e  r e s u l t s  of Study I, only one de f in ing  

f i g u r e  was used i n  t h i s  study. 

t h a t  of the  f i r s t  study, with t h e  exception t h a t  t h e  t e s t  f i g u r e s  

The procedure c lose ly  followed 

were shown through one of three ape r tu re  s i z e s  - t h e  s tandard 

10 



1" x 1" s i z e  used i n  Study I; a qua r t e r  of t h i s  s i z e  (1/2" x 1/2") 

and a s i x t e e n t h  of t h i s  s i z e  (1/4" x 1/4"). The d e f i n i n g  f i g u r e s  

continued t o  be d isp layed  through t h e  s tandard (1" x 1") ape r tu re .  

F i f t e e n  BISC employees were used a s  sub jec t s .  They were 

d iv ided  i n t o  three  groups of f i v e  each, with each group viewing 

through only one of t h e  t h r e e  ape r tu re  s i z e s .  

The repeated measurements design was aga in  employed (Figure 

1 7 ) .  The r e s u l t s  c l e a r l y  show a s i g n i f i c a n t  d i f f e rence  between 

t h e  ape r tu re  s i z e s .  A Duncan's Test (Duncan, 1955)  was then  

computed f o r  t h e  t h r e e  ape r tu re s  (Figure 18), and s i g n i f i c a n t  

d i f f e r e n c e s  were found a t  t h e  .01 l e v e l  between t h e  1" and 1/2" 

s i z e s  and between the  1" and 1/4" s i zes ,  but no s i g n i f i c a n c e  was 

found between the 1/2" and 1/4" s i z e s .  It i s  thus  apparent 

t h a t  a t h re sho ld  occurs somewhere betwen t h e  1" and 1/2" ape r tu re s .  

This conclusion i s  confirmed by t h e  l ack  of s i g n i f i c a n t  change 

( a c t u a l l y  a s l i g h t  r e v e r s a l )  a s  t h e  ape r tu re  i s  reduced from 

ha l f  t o  qua r t e r  s ize ,  a c h a r a c t e r i s t i c  r e s u l t  when s t i m u l i  a r e  

changed below re so lu t ion  l e v e l s .  

To f u r t h e r  def ine  t h e  th re sho ld  a method of l i m i t s  s tudy 

was employed, using an ascending sequence. Five examples of 

2. The sca le  of t hese  pictupes,  based on a TIROS I V  
average a l t i t u d e  of 420 miles and p i c t u r e  coverage of 700 
square miles with o p t i c a l  a x i s  normal t o  t h e  e a r t h ' s  sur face ,  
i s  approximately 3.8 mi./ in.  
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Source of Variance 
Sum of Degrees of Mean 
Squares Freedom Sauare F Significance 

Between Aperture  Sizes 
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each cloud type were se l ec t ed  a t  random, making a t o t a l  of 

twenty-f ive t e s t  f i g u r e s .  The s u b j e c t s  ( f i v e  B I S C  employees 

who had not  been used previous ly  i n  similar s t u d i e s )  were f i r s t  

shown one example of each cloud category.  These were one square 

inch  p i c t u r e s  of t h e  cloud types  t h a t  had been used i n  t h e  

ea r l i e r  s tud ie s  t o  d e f i n e  t h e  cloud c lass  ("def in ing  f i g u r e s T T ) .  

They were permitted t o  study t h e s e  f i g u r e s  u n t i l  t hey  repor ted  

t h a t  they  were s u f f i c i e n t l y  f a m i l i a r  with them, a f t e r  which t h e  

t e s t  ser ies  was begun. The de f in ing  f i g u r e s  were notremoved 

and t h e  sub jec t s  were permit ted t o  view them dur ing  t h e  course 

I 

, 

I 

I 

I of t h e  s tudy.  The t e s t  and d e f i n i n g  f i g u r e s  were "pure" i n s t a n c e s  

I of a cloud type  with a minimum of extraneous cloud f e a t u r e s  t h a t  

I might belong t o  o t h e r  cloud formations.  

The 2 5  t es t  f i g u r e s  were randomized s e p a r a t e l y  f o r  each 

I s u b j e c t .  The t e s t  series began with t h e  smallest a p e r t u r e  for 
I 

t h e  f i r s t  t e s t  f i g u r e .  The sub jec t  was requi red  t o  s t a t e  t o  

which one of t he  f i v e  classes he bel ieved t h e  t e s t  f i g u r e  belonged. 

H e  was permitted t o  make s ta tements  of "not known", e t c . ,  but 

very few of these  were a c t u a l l y  made. The sequence f o r  each 
I 

I t e s t  f i g u r e  terminated when t w o  c o r r e c t  assignments occurred 

i n  a row. 

The minimum ape r tu re  s i z e  was 1 / 2  i nch  on t h e  s i d e  or 1 / 4  

square inch  i n  a rea .  Six a p e r t u r e s  of s i d e  l e n g t h s  1/2", 5/8", 

3/4", 7/8", l", and 9/8" were used;  t h e  maximum a p e r t u r e  a r e a  

was t h u s  81/64 square inches  (Figure 1 9 ) .  

I 

I 
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The proport ion of t h e  t o t a l  number of accurate assignments 

made a t  each ape r tu re  s i z e  was then  computed f o r  a l l  twenty-five 

cloud types.  These were then  converted t o  z scores ,  and t h e  

g r a p h i c a l  method descr ibed by Woodworth (1954) was used t o  

determine the  threshold  value and i t s s t a n d a r d  dev ia t ion .  

The threshold as determined by t h i s  procedure i s  .681 square 

inches ,  and i t s  s tandard dev ia t ion  i s  .106. The l ike l ihood  t h a t  

t h e  t r u e  or populat ion threshold  occurs  between .889 and .473 square 

inches  i s  n ine ty- f ive  percent .  

3.4 Study 111: Effec t  of sample shape - r egu la r  v s .  i r r e g u l a r  

I n  t h e  previous two s t u d i e s  t h e  samples a l l  had t h e  same 

regu la r  square shape. The ques t ion  may be asked whether sample 

shape i s  a f a c t o r  i n  performance. 

a p e r t u r e  conf igura t ions  were compared - t h e  square used i n  t h e  

I n  t h i s  study two extreme 

ea r l i e r  s tud ie s  and t h e  i r r e g u l a r  o u t l i n e  shown i n  F i g u r e  2 0 .  

Except f o r  t h e i r  i r regular  o u t l i n e ,  t h e  t e s t  f i g u r e s  i n  

t h i s  study were cons t ruc ted  i n  t h e  same way a s  those  of Study I. 

The f i g u r e s  included only one cloud cover type each. The area 

of t h e  i r r e g u l a r  f i g u r e  i s  near ly  t h e  same as t h a t  of t h e  s tandard 

square.  The experimental  procedure was i d e n t i c a l  t o  t h a t  of t h e  

previous s t u d i e s ,  with t h e  except ion t h a t  twenty s u b j e c t s  were 

used, t e n  fo r  each of t h e  two sample shapes.  

The results of t h e  a n a l y s i s  of var iance  are  summarized i n  

Figure 2 1 .  There i s  no s i g n i f i c a n t  d i f f e r e n c e  between t h e  

two shapes,  which s t rongly  suggests  t h a t  shape i s  not  a f a c t o r  

13 
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i n  performance. This  f ind ing  can be confirmed by performing 

a d d i t i o n a l  s t u d i e s  us ing  a va r i e ty  of sample shapes.  

3 .5  Study I V :  E f f e c t  of sample o r i e n t a t i o n  

Some cloud cover types ,  such as t h e  class "so l id" ,  are 

cha rac t e r i zed  by i so t ropy ;  o the r s ,  notably t h e  class "banded", 

have a marked "preference" f o r  r e s t r i c t e d  d i r e c t i o n s .  For. such 

a n i s o t r o p i c  classes, recogni t ion  may be s e n s i t i v e  t o  e longat ion  

of t h e  sample r e l a t i v e  t o  the p re fe r r ed  d i r e c t i o n .  

I n  t h i s  study t h e  aper ture  w a s  e longated t o  a r ec t angu la r  

shape of 2:1 propor t ions .  It was used t o  select  samples of t h e  

t e s t  f i g u r e s  with two o r i e n t a t i o n s  - one a l igned  with t h e  

"preferred d i r e c t i o n "  of t h e  cloud cover and t h e  o t h e r  a t  r igh t  

ang le s  t o  t h i s  d i r e c t i o n ,  when such a d i r e c t i o n  appeared t o  

e x i s t .  Since changing the aper ture  o r i e n t a t i o n  a l s o  changed 

t h e  conten t  of t h e  sample, the  same s u b j e c t s  were shown both 

a p e r t u r e  o r i e n t a t i o n s  i n  a 2 x 6 a n a l y s i s  of var iance  des ign .  

F i f t e e n  s u b j e c t s  were used with one r e p l i c a t i o n  of each o r i e n t a t i o n  

i n  t h e  t e s t  sequence. The scores  cons i s t ed  of t h e  means of 

t h e s e  two t r i a l s  for each subject and c lass .  

The r e s u l t s  are  summarized i n  Figure 2 2 .  They c lear ly  

demonstrate t h a t  for t h e  dimensions of t h e  r ec t ang le  employed, 

t h e r e  i s  no e f f e c t  of o r i e n t a t i o n  as  such, even f o r  cloud cover 

t y p e s  having p re fe r r ed  o r i e n t a t i o n s .  S t r i c t l y  speaking, t hese  

r e s u l t s  are s p e c i f i c  t o  the  r ec t zng le  s i z e  used. Cer ta in ly ,  

s i g n i f i c a n t  d i f f e r e n c e s  may be expected when a r ec t ang le  becomes 

14 
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so elongated tha t  i t s  width approaches t h e  r ecogn i t ion  th re sho ld  

s i z e .  

3.6 Studv V: E f fec t  of context  

I n  t h i s  f i n a l  study t h e  accuracy of performance was inves-  

The samples of t i g a t e d  under cond i t ions  of increas ing  "noise.  '' 
cloud cover types  were enlarged t o  inc lude  p o r t i o n s  of neighboring 

types .  S p e c i f i c a l l y ,  t h r e e  l e v e l s  of t e s t  f i g u r e  were used i n  

t h i s  s tudy.  

f i g u r e s  which included only  s i n g l e  types  of cloud cover .  For 

Level 1 ("zero noise") used i r r e g u l a r l y  shaped t e s t  

Level 2 ,  t h e  i r r e g u l a r  ape r tu re  was enlarged u n t i l  some cloud 

cover  t h a t  could be assigned t o  j u s t  one o t h e r  class was included.  

A t  Level 3, t h e  a p e r t u r e  was f u r t h e r  enlarged u n t i l  cloud cover was 

inc,luded t h a t  could be assigned t o  two or more o t h e r  classes.  

This study resembled Study I i n  t h a t  a repeated measurements 

d e s i g n  was employed with f i f t e e n  s u b j e c t s ,  f i v e  being assigned 

t o  each l e v e l .  The only major  change cons i s t ed  of a l t e r i n g  t h e  

i n s t r u c t i o n s  t o  inform t h e  subjec ts  t h a t  t hey  should r e p o r t  only 

the predominant cloud cover category i f  t hey  perceived more than 

one cloud cover type .  The ?'other" category was not  included i n  

t h i s  s tudy,  s ince  enlargement of t h e  ape r tu re  usua l ly  served t o  

b r i n g  a d d i t i o n a l  '?other' ' clouds i n t o  view. 

The r e s u l t s  are summarized i n  Figure 2 3 .  They show t h a t  

t h e  i n c l u s i o n  of a d d i t i o n a l  cloud c l a s s e s  i n  an ape r tu re  does 

not  s i g n i f i c a n t l y  a f f e c t  t h e  accuracy of class assignment 

performance as long  as t h e  p r i n c i p a l  c lass  p resen t  c l e a r l y  

predominates.  
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3.7 Conclusions 

A general r e s u l t  of t h i s  ser ies  of s t u d i e s  i s  t h e  conclusion 

t h a t  r ecogn i t ion  of t h e  cloud cover c l a s s e s  used i s  h igh ly  immune 

t o  a v a r i e t y  of c h a r a c t e r i s t i c s  of the sample s e l e c t i o n  process .  

I n  t h e  f i r s t  study s u b j e c t s  were a b l e  t o  use a s i n g l e  de f in ing  

f i g u r e  t o  d e r i v e  t h e  p rope r t i e s  requi red  t o  i d e n t i f y  t h e  t e s t  

f i g u r e s .  Since a d e f i n i n g  f i g u r e  inc ludes  a c c j d e n t a l  as w e l l  

as e s s e n t i a l  p r o p e r t i e s ,  it can only  be concluded t h a t  t h e  

e s s e n t i a l  p r o p e r t i e s  a r e  highly s a l i e n t .  

s u b j e c t s  are not in f luenced  by reasonable  degrees  of con tex tua l  

The f i n d i n g  t h a t  t h e  

cloud cover i s  evidence t h a t  t h e  r e s u l t s  are not  s p e c i f i c  t o  

i d e a l  or ttpuret' i n s t a n c e s  of t h e  cloud cover types .  

These s t u d i e s  s t rong ly  suggest t h a t  r ecogn i t ion  of t h e s e  

basic cloud cover types  by an automatic i n t e r p r e t a t i o n  system 

us ing  t h e  7twindow" approach should be f e a s i b l e .  They f u r t h e r  

provide a lower bound t o  t h e  window s i z e  which should be used 

by such a sys t em.  The r e s u l t s  of Volume 11, Sect ion  5 ,  i n d i c a t e  

t h a t  i f  a window of t h i s  s i ze  i s  used, it should be poss ib l e  t o  

i d e n t i f y  c l o s e  t o  ha l f  of t h e  r eg ions  on a t y p i c a l  cloud cover 

p i c t u r e  c o r r e c t l y .  
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4 .  Cloud p a t t e r n  parameters 

Seven s t u d i e s  of parameters which appear t o  be important  

cloud cover d e s c r i p t o r s ,  as  descr ibed  i n  Volume I,  were 

performed. The parameters s tud ied  were f i b r o s i t y  (for discr im-  

i n a t i o n  between t h e  ' rsol idrT and " f ibrous"  cloud cover t y p e s ) ;  

brokenness ( f o r  d i sc r imina t ion  between t h e s e  two "unbroken" 

t y p e s  and such "broken" types  as " r e t i c u l a t e d ,  "bandedrr and 

c e l l u l a r " )  ; s i z e  ( f o r  d i sc r imina t ion  between large cloud "masses 

and smaller "pieces" such a s  c e l l s  and bands);  e longat ion  ( f o r  

d i sc r imina t ion  between c e l l s  and bands): and t h r e e  basic shape 

parameters - r e g u l a r i t y ,  s t r a i g h t n e s s ,  and convexi ty  - which 

provide a b a s i s  f o r  d i sc r imina t ing  c e l l  and band subtypes (not  

d i s t i ngu i shed  i n  t h e  s t u d i e s  descr ibed  i n  Sec t ions  2 - 3 ) .  

Psychometrics a s  propounded by Thurstone and a s  used i n  

t h e  s t u d i e s  descr ibed below uses  as  t h e  o r i g i n a l  datum o r d i n a l  

i n t e r v a l s  a long  some sub jec t ive  or psychological  continuum. This  

technique i s  especial ly  u s e f u l  when t h e  phys ica l  c o r r e l a t e  of 

t h e  phenomenal property being s tudied  i s  not known. The s t u d i e s  

repor ted  i n  t h i s  s e c t i o n  provide s c a l i n g  va lues  der ived  p r imar i ly  

from a rank order  technique.  

I n  t h e  rank o rde r  technique s u b j e c t s  a s s i g n  a cloud cover 

sample (or o u t l i n e  of a cloud mass) t o  one of a f i n i t e  number 

of c a t e g o r i e s  along a continuum of t h e  proper ty  s tud ied .  

Several  assumptions a r e  requi red  i n  t h i s  technique which may 

q u a l i f y  t h e  results obtained.  It i s  assumed t h a t  t h e  s u b j e c t s  

17 



a r e  i n  e f f e c t  u t i l i z i n g  an  underlying one-dimensional s u b j e c t i v e  

continuum i n  t h e i r  o rde r ing .  Although t h i s  i s  a seemingly s e r i o u s  

o b j e c t i o n  t o  t h e  rank o r d e r  technique,  it d i d  not  cause  any d i f f i -  

c u l t y  i n  t h e  p re sen t  s t u d i e s  s ince  t h e  observed e f f e c t s  of a 

mult i -dimensional  continuum ( f r equen t  r e v e r s a l s  i n  ranking ,  h igh  

va r i ance  i n  assignments,  e t c . )  seldom occurred .  I n  a d i r e c t  t e s t  

of t h i s  assumption, on t h e  judged brokenness of c loud format ions ,  

t h e  r e s u l t s  of t h e  rank o rde r  techniques  were c o r r e l a t e d  with t h e  

f i n d i n g s  of a p a i r  comparison and a c o r r e l a t i o n  of .84 was obta ined .  

Since t h e  p a i r  comparison technique does not  r e q u i r e  t h e  i n d i v i d u a l  

s u b j e c t s  t o  d i s c e r n  a one-dimensional continuum, a high c o r r e l a t i o n  

can be construed as evidence f o r  t h e i r  a c t u a l  use of such a con- 

tinuum. 

Although t h e  s u b j e c t s '  judgments are made on an  o r d i n a l  

m e t r i c ,  an  important  assumption i s  t h a t  t h e  continuum con ta ins  

c l a s s  s i z e s  and i n t e r v a l s  which a r e  equ iva len t  ( i n t e r v a l  m e t r i c ) .  

I f  t h e  i n t e r v a l s  a r e  of unequal width f o r  the  immediate c a t e -  

g o r i e s ,  Edwards has  proposed a s t a t i s t i c a l  technique which 

permi ts  s c a l i n g  va lues  t o  be de r ived  by using d i f f e r e n c e s  i n  

ad jacen t  z values  as  t h e  un i t  of t h e  s c a l e .  

a r i ses  when t h e  s u b j e c t  uses t h e  extreme c a t e g o r i e s  (1 and 5 i n  

t h e  p re sen t  s t u d i e s )  exc lus ive ly .  

i n c l u d e  these s t i m u l i  i n  t h e  s c a l i n g  s t u d i e s  as used he re ,  

s h o r t  of expanding the  continuum and i n c r e a s i n g  t h e  number of 

s t i m u l i .  Since only  a r e s t r i c t e d  number of s t i m u l i  were a v a i l a b l e  

A s e r i o u s  d i f f i c u l t y  

There seems t o  be no way t o  
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t h e  only  recourse was t o  d i sca rd  s t i m u l i  judged exc lus ive ly  a s  

1 or 5 by t h e  sub jec t s .  This exp la ins  why i n  t h e  s t u d i e s  re- 

por ted  below fewer than  t h e  o r i g i n a l  number of s t i m u l i  a r e  

ass igned scale va lues .  (The o r i g i n a l  number was 1 0  i n  a l l  s t u d i e s  

except  t h a t  of brokenness i n  which 1 5  s t i m u l i  were used.)  

4 . 1  Fj.brosity 

The f i r s t  s c a l i n g  s tudy inves t iga t ed  t h e  property of 

c loud mass " f ib ros i ty" .  Five examples of each of t h e  cloud 

cover classes "sol id"  and " f ibrous"  were se l ec t ed  a t  random 

(Figure 2 4 )  with t h e  r e s t r i c t i o n  t h a t  i n  t h e  exper imenter ' s  

judgment they  were d i s t r i b u t e d  along t h e  continuum from 

"extremely sol id"  t o  "extremely f i b r o u s .  The fol lowing i n -  

s t r u c t i o n s  were read t o  t h e  s u b j e c t s  ( N = 7 ) :  

"1 a m  going t o  show you a number of r e p r e s e n t a t i v e  

cloud photographs. Assign each of them t o  one of t h e  

f i v e  ca t egor i e s  shown before  you according t o  i t s  

degree of f i b r o s i t y .  

#I - l e a s t  f i b r o u s  

#S - most f i b r o u s  

The numbers between 1 and 5 represent  in te rmedia te  

va lues  of f i b r o s i t y .  

I n  making your judgment cons ider  only t h e  proper ty  

of f i b r o s i t y .  The clouds themselves w i l l  d i f f e r  i n  

many r e spec t s .  However, it i s  only t h e  proper ty  

of f i b r o s i t y  t h a t  w e  are i n t e r e s t e d  i n . "  
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A: Samples given intermediate  r a t i n p  by some observers.  
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Cloud Cover Samples Used i n  F ib ros i ty  Study 
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C :  Samples r a t ed  a t  f i b r o u s  end of scale by a l l  sub jec t s  

F i g u r e  24: (Continued) 
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They were permit ted t o  study each p i c t u r e  f o r  up t o  

f i v e  seconds before  they made an  assignment of t h e  p i c t u r e  

t o  one of t h e  f i v e  c l a s s e s .  "F ibros i ty"  was not def ined .  

In s t ead ,  t h e  s u b j e c t s  were presented with two random sequences 

of t e n  p i c t u r e s  intended t o  f a m i l i a r i z e  them with t h e  s t imulus 

material and which permit ted them t o  formulate  a psychological  

continuum of " f i b r o s i t y . ' r  They were t h e n  g iven  t h r e e  t e s t  

sequences. The rank o rde r  assignments on t h e s e  sequences were 

used t o  determine t h e  f i n a l  scale va lues .  

sequences were used f o r  each t r i a l  and s u b j e c t .  

Separa te ly  randomized 

The method of successive i n t e r v a l s  descr ibed  by Edwards 

A scale value i s  determined by conver t ing  p scores  was used. 

(propor t ion  of times i n  which a cloud s t imulus i s  assigned t o  a 

p a r t i c u l a r  c lass)  t o  corresponding z sco res .  

i s  determined f o r  each c l a s s  and d i f f e r e n c e s  between ad jacent  

z scores  f o r  each c lass  a r e  then  computed t o  determine t h e  

i n t e r v a l  between c l a s s e s .  The scale value of a p a r t i c u l a r  

cloud s t imulus i s  i t s  median score  on t h e  continuum of f i b r o s i t y .  

Following Woodworth's suggestions,  t h e  scores  a r e  assigned t o  

a new scale i n  which t h e  lowes t  score  i s  assigned an a r b i t r a r y  

va lue  of zero and t h e  highest  score  an a r b i t r a r y  value of 100. 

This  p r a c t i c e  was followed for a l l  of t h e  s t u d i e s  of t h i s  type .  

Although it suggests  i nco r rec t ly  t h a t  t h e  scale i s  a r a t i o  

scale and t h e  maximum l i m i t s  of f i b r o s i t y  a r e  r e a l i z e d ,  it i s  

a convenient method of present ing t h e  s c a l e  value (Figure 2 5 ) .  

A mean z score  

20 



(Most f ib rous )  

Transformed 
Scale  
Values 

100 

90 

80 

70 

60 

50 

40 

30 

20 

1 0  

(Least  f i b rous )  0 

*Pictures  shown 

Origina 1 
Scale  
Values 

2.79 

2.54 

2.29 

2.05 

1.80 

1.55 

1.30 

1.06 

0.81 

0.56 

0.32 

i n  Fig. 24A 

Scaled 
Ranking i n  
Order of 
F i b r o s i t y  : 
Pic tu re  
Number5i 

1 
i - 
2 - 

- 3  

4 - 

F i g u r e  25 

Resul t s  of F i b r o s i t y  Study 

20.1 



~ - -  

I .  

Since only  f o u r  of t h e  o r i g i n a l  t e n  cloud p i c t u r e s  could be 

scaled i n  t h i s  way, and f o r  t h ree  of t h e s e  t h e  range i s  q u i t e  

r e s t r i c t e d ,  it appears  t ha t  the  s u b j e c t s  were not a b l e  t o  d i s -  

c r imina te  f i b r o s i t y  very well f o r  in te rmedia te  stages. Rather,  

they  were p r o f i c i e n t  i n  determining whether a s t imulus belonged 

t o  one of t h e  extreme p o i n t s  of t h e  continuum. 

dichotomizat ion may r e f l e c t  only t h e  lack of experience of t h e  

s u b j e c t s  with t h e  concept of " f i b r o s i t y .  For t h e  more f a m i l i a r  

cloud p r o p e r t i e s  descr ibed  below smaller numbers of cloud s t imu l i  

were d iscarded .  

4 .2  Brokenness 

This  apparent 

The phenomenal q u a l i t y  of i nc reas ing  brokenness i n  a cloud 

formation was determined by t w o  s c a l i n g  methods, t h e  method of 

p a i r  comparison and t h e  method of equal  appearing i n t e r v a l s  ( rank 

o r d e r ) .  E i the r  of t h e s e  sca l ing  techniques  produces examples 

of increased cloud cover brokenness on a psychological  i n t e r v a l  

scale. These i n  t u r n  can then be a s soc ia t ed  with an increas ing  

phys ica l  or mathematical property of t h e  cloud cover .  While t h e  

p re sen t  s c a l i n g  study assumes a unidimensional func t iona l  r e l a t i o n  

between t h e  phys ica l  change and t h e  phenomenal r e p o r t ,  t h i s  i s  not 

a necessary r e s t r i c t i o n .  

F i f t e e n  of t h e  cloud cover samples used i n  t h e  s t u d i e s  

of Sec t ion  3 were chosen t o  r e f l e c t  i nc reas ing  degrees of cloud 

cover  brokenness (Figure 2 6 ) .  The f i g u r e s  were randomly se lec ted  

from among t h e  f i v e  cloud cover types  and shown through an  
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A: Samples given intermediate  r a t i n g s  
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by some observers .  

1 1  
Figure 26 

Cloud Cover Samples Used i n  Brokenness Study 



B: Samples rated a t  broken end of scale by a l l  subjects 

C: Samples rated a t  unbroken end of scale by a l l  subjects 

F i g u r e  2 6 : (Continued) 
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a p e r t u r e  used previous ly  f o r  the  t e s t  f i g u r e s  which allowed 

only  cloud cover from a s ing le  c lass  t o  be seen.  

Two groups of s u b j e c t s ,  drawn from among B I S C  employees, 

were used. Five s u b j e c t s  were used i n  each s c a l i n g  s tudy.  I n  

t h e  f i r s t  s tudy,  each of the f i f t e e n  f i g u r e s  was shown twice 

with every o t h e r  f i g u r e  i n  a p a i r  comparison format.  

p o s i t i o n s  of t h e  f i g u r e s  were reversed  t o  minimiTe any l e f t -  

r i g h t  b i a s ) .  Each sub jec t  was asked t o  s t a t e  which of t h e  two 

f i g u r e s  appeared t o  him as  more broken. Judgments of e q u a l i t y  

or "undecided" were not permit ted.  The r e l e v a n t  po r t ions  of 

t h e  i n s t r u c t i o n s  fol low: 

(The 

"1 a m  going t o  show you a number of p a i r s  of r e p r e s e n t a t i v e  

cloud photographs. I want you t o  t e l l  me which one of t h e  

p a i r  you f e e l  i s  t h e  more broken of t h e  two. 

I n  making your judgment cons ider  on ly  t h e  proper ty  of 

brokenness. The clouds themselves w i l l  d i f f e r  i n  many 

o t h e r  r e s p e c t s .  However, it i s  only  t h e  proper ty  of 

brokenness t h a t  w e  a r e  i n t e r e s t e d  i n .  " 

The scores  (numbers of times a f i g u r e  was judged as more 

broken than  another  f i g u r e )  were converted i n t o  a z matrix 

and a mean z value computed for each f i g u r e .  

(1957)  and Woodworth (1954), t h e  smallest mean z value was assigned 

a value of 0 and t h e  highest  a value of 100 .  The i n t e r v a l s  

between ad jacent  f i g u r e s  were then  ca l cu la t ed  by mul t ip ly ing  

each score  by 100/(mean z value of t h e  h ighes t  f i g u r e ) .  The 

Following Edwards 

2 2  



r e s u l t s  are shown i n  Figure 27a. 

mean t h a t  t h e  two extreme samples are abso lu te  extremes of 

brokenness of which cloud cover i s  capable ,  but only t h a t  

w i th in  t h e  r e s t r i c t e d  sample of f i f t e e n  f igures  employed i n  

t h e s e  s t u d i e s  they  proved t o  have t h e  most extreme amounts 

of brokenness. 

Thewlues  0 and 100  do not  

The second group of s u b j e c t s  was shown each of t h e  f i f t e e n  

t e s t  f i g u r e s  i n  t h r e e  randomized sequences and t o l d  t o  a s s ign  

each f i g u r e  t o  one of t h e  ranks (1, 2 ,  3 ,  4 ,  or 5 ) f o r  degree of 

brokenness. The r e l evan t  p o r t i o n  of t h e  i n s t r u c t i o n s  fol lows:  

"I am going t o  show you a number of r e p r e s e n t a t i v e  

cloud photographs. 

t o  one of t h e  f i v e  ( 5 )  c a t e g o r i e s  shown before  you 

according t o  i t s  degree of brokenness: 

I want you t o  a s s ign  each of them 

#1 - l e a s t  broken 

#S - most extremely broken 

The ca t egor i e s  between #1 and #5 r ep resen t  in te rmedia te  

va lues  of brokenness. 

I n  making your judgment cons ider  only t h e  proper ty  

of brokenness. The clouds themselves w i l l  d i f f e r  i n  

many o the r  r e s p e c t s .  However, it i s  only t h e  proper ty  

of brokenness t h a t  w e  a r e  i n t e r e s t e d  i n . "  

Following Woodworth (1954), t h e  f i r s t  t r i a l  was t r e a t e d  

a s  a l e a r n i n g  session intended t o  f a m i l i a r i z e  t h e  s u b j e c t s  
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with t h e  populat ion of t e s t  f i g u r e s  and permit ted them t o  

d e r i v e  a mean l e v e l  of brokenness. 

s u b j e c t s  d i d  not experience any d i f f i c u l t y  i n  a s s ign ing  t h e  

cloud cover  samples t o  t h e  classes of i n c r e a s i n g  brokenness. 

Edwards" method of equa l  appearing i n t e r v a l s  (Edwards, 1952) 

was used, due to  t h e  number of t e s t  f i g u r e s  whose p value  €or 

judged brokenness r e l a t i v e  t o  t h e  o t h e r  f i g u r e s  was greater 

t h a n  +.98 or l e s s  t han  +.02. 

mean z value  was assigned a score of 0 ,  while t ha t  with t h e  

h ighes t  mean z value was assigned a va lue  of 100.  

s co res  were obtained i n  a manner similar t o  t h a t  used i n  t h e  

p a i r  comparison technique.  

After  t h e  f i r s t  t r i a l  the  

The t e s t  f i g u r e  with t h e  minimum 

These 

The r e s u l t s  are shown i n  Figure 27b. 

A rank order  c o r r e l a t i o n  of .78, s i g n i f i c a n t  a t  t h e  .01 

l e v e l ,  was found between t h e  two s c a l i n g  techniques .  

t h i s  i s  s l i g h t l y  less  than  t h a t  usudl ly  obta ined  between t h e  

two methods, it i s  encouraging i n  l i g h t  of t h e  complex na ture  

of t h e  cloud cover f igures .  

Although 

I n  t h e  rank o r d e r  technique s u b j e c t s  may not  u t i l i z e  a l l  

of t h e  p o s s i b l e  c a t e g o r i e s .  

around one of the classes as  shownin F i g u r e  27b. I n  t h e  p a i r  

comparison format,  on t h e  o t h e r  hand, t h e  sco res  are  d ispersed  

through t h e  sca le  (Figure 27a) .  The p a i r  comparison technique  

permi ts  t h e  observer t o  make h i s  eva lua t ion  on a multidimensional 

scale or on a s h i f t i n g  one-dimensional s c a l e .  The rank o r d e r  

technique compels t h e  observer  t o  use a s i n g l e  one-dimensional 

They w i l l  f r e q u e n t l y  "bunch up" 
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s c a l e .  

techniques obtained i n  t h e  study i n d i c a t e s  t h a t  t h e  s u b j e c t s  

were employing some unidimensional proper ty  as a basis f o r  

t h e  judged brokenness even i n  the  p a i r  comparison s tudy.  

The r e l a t i v e l y  high c o r r e l a t i o n  between t h e  two 

The complexity of t h e  s t imu l i  i s  demonstrated by t h e  

extreme s h i f t i n g  i n  f o u r  of t h e  t e s t  f i g u r e s  between t h e  two 

scales of Figure 2 7 .  When these  f i g u r e s  are  excluded, t h e  

rank o rde r  c o r r e l a t i o n  between t h e  two scales r i s e s t o  .84. 

The unstructured na tu re  of these  f o u r  t e s t  f i g u r e s  probably 

made judgments unusual ly  d i f f i c u l t  or compelled t h e  s u b j e c t s  

t o  make t h e  judgments on a multidimensional basis.  

4 . 3  S ize  

I n  deciding which po r t ions  of t h e  cloud cover are "masses", 

t o  be mapped as i n d i v i d u a l  e n t i t i e s ,  and which a r e  

t o  be mapped as p a r t s  of groupings which they  form with o t h e r  

p i e c e s ,  contex t  (and i n  p a r t i c u l a r ,  i s o l a t i o n )  undoubtedly should 

p l a y  a major r o l e .  It may, however, be poss ib l e  t o  formulate  a t  

l e a s t  an  approximate c r i t e r i o n  f o r  such a d e c i s i o n  on "absolute"  

( con tex t - f r ee )  grounds. 

t o  an abso lu te  c r i t e r i o n  of t h i s  type  suggest themselves : Area 

and diameter  ( l a r g e s t  d i s t ance  between any p a i r  of p o i n t s  i n  t h e  

g iven  cloud mass). I n t u i t i v e l y ,  it seems p l a u s i b l e  t h a t  area i s  

a s t ronger  f a c t o r  i n  s i z e  judgments t han  diameter ,  t h e  l a t t e r  

becoming important perhaps only f o r  extremely elongated (bu t  

low-area) masses. It i s  of i n t e r e s t  t o  determine whether both 

Two f a c t o r s  which can reasonably c o n t r i b u t e  

- 
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of t h e s e  f a c t o r s  do indeed c o n t r i b u t e  t o  observers '  judgments 

of s i z e .  

A simple experiment has been performed i n  connect ion with 

t h i s  ques t ion .  This  experiment was explora tory ;  t h e  experimental  

materials used were r e c t a n g l e s  r a t h e r  t h a n  t r a c i n g s  of a c t u a l  

cloud masses and p i eces .  (For rectangles ,  "diameter" i s  j u s t  t h e  

l eng th  of the d iagonal . )  

a c t u a l  s i z e  i n  F i g u r e  2 8 .  

They were shown p a i r s  of t h e  s t imulus r e c t a n g l e s  and asked which 

of each p a i r  was t h e  la rger .  

Figure 29 ,  which shows t h e  percent  of i n s t a n c e s  i n  which a 

r ec t ang le  of a given area was c a l l e d  larger than  o t h e r  r e c t a n g l e s .  

The n e a r - l i n e a r i t y  of t h i s  graph i n d i c a t e s  t h a t  even f o r  r e l a t i v e l y  

extreme cases, but ignor ing  con tex tua l  f a c t o r s ,  t h e  piece/mass 

d e c i s i o n  w i l l  normally be made on t h e  b a s i s  of area a lone .  

(Since area i s  much easier  t o  measure on a d i g i t i z e d  cloud 

p i c t u r e  than  diameter ,  t h i s  i s  c e r t a i n l y  a welcome conc lus ion ) ,  

4 .4  Elongation 

Typical  r e c t a n g l e s  used are  shown a t  

The s u b j e c t s  were Budd Company employees. 

Their responses  are p l o t t e d  as  

An approach t o  a mathematical d e f i n i t i o n  of e longat ion  

which can be appl ied even t o  complex, t o r t u o u s  shapes was 

ou t l ined  i n  Volume I,  Sec t ion  2 . 4 .  For most n a t u r a l  cloud 

masses, however (exception: h igh ly  elongated and h igh ly  curved 

cloud bands), e longat ion can probably be def ined  u s e f u l l y  i n  

terms of some type of maximum t o  minimum diameter  r a t i o .  A 

simple experiment has  been performed i n  connect ion with t h i s  
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sugges t ion ,  using drawings of two r e p r e s e n t a t i v e  cloud p i eces  

which were compressed and elongated t o  varying degrees  i n  each 

of two p r i n c i p a l  d i r e c t i o n s  (F igures  30-31). 

The sub jec t s  i n  t h i s  experiment were Budd Company employees. 

They were shown s i n g l e  cloud p i ece  drawings and asked whether t h e  

p i ece  shown was o r  was not  "elongated". Thei r  responses  are 

p l o t t e d  i n  t h e  f i g u r e s .  

r a t i o  of 3 o r  more w i l l  r e s u l t  i n  "band" judgments by observers ,  

while a r a t i o  of 2 o r  l e s s  w i l l  s i m i l a r l y  r e s u l t  i n  %e l l "  

judgments . 
4 . 5  Shape - r e g u l a r i t y ,  s t r a igh tness ,  convexi ty  

They i n d i c a t e  t h a t  a l eng th  t o  width 

The remaining t h r e e  s c a l i n g  s t u d i e s  d e a l t  w i t h  shape 

p r o p e r t i e s  of cloud contours .  The t h r e e  p r o p e r t i e s  s tud ied  

were r e g u l a r i t y  v s .  i r r e g u l a r i t y ,  s t r a i g h t n e s s  v s .  cu rva tu re ,  

and convexity v s .  concavi ty .  The or ig ina .1  s t imulus  materials 

were randomly se lec ted  cloud cover samples; a sepa ra t e  group of 

s t i m u l i  was used f o r  each of t h e  three s t u d i e s .  The experimenter 

r e s t r i c t e d  t h e  samples only  i n  l i m i t i n g  them t o  r e f l e c t  i n  h i s  

judgment d i f f e r e n t  p o r t i o n s  of t h e  continuum. The cloud cover  

samples were then  placed over  a l i g h t  box and t h e  o u t l i n e  cloud 

contour drawings of F igures  3 2 ,  34 and 36 were made wi th  i n d i a  

i n k .  

The procedure and s t a t i s t i ca l  a n a l y s i s  f o r  t h e  s c a l i n g  

s t u d i e s  f o r  t h e s e  t h r e e  p r o p e r t i e s  were i d e n t i c a l  w i t h  t hose  

used f o r  t h e  f i b r o s i t y  s tudy.  The only  changes i n  t h e  
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B: Samples r a t ed  a t  i r r e g u l a r  end of sca l e  by a l l  sub jec t s  
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i n s t r u c t i o n s  quoted i n  Sec t ion  4 . 1  were t h e  s u b s t i t u t i o n s  of 

t h e  word s ' * i r r egu l a  r i t y " , c u r  va t u r  e '' and If c o nc a v i  t y 

"curved" and "concave") f o r  "f i b r o s i t y "  (" f ibrous")  . 
( '' i r r e g ul a r I?, 

The sub jec t s  showed somewhat g r e a t e r  comprehension of t h e s e  

cont inua as evidenced by t h e  smaller  numbers of s t i m u l i  t h a t  had 

t o  be discarded due t o  assignment t o  t h e  extreme c a t e g o r i e s  1 and 5 .  

The sca l e  va lues  obtained a r e  shown i n  Figures  33,  35 and 37. 

A l l  of the  s t imulus  material i n  t h e s e  s t u d i e s  i s  q u i t e  complex, 

i n  t h a t  t h e  f i g u r e s  d i f f e r  i n  many r e s p e c t s  ( a r e a ,  per imeter ,  

7 r f ami l i a r i t y" ,  e t c . ) .  I n  s p i t e  of t h i s ,  t h e  s u b j e c t s  i nd ica t ed  

no s p e c i a l  d i f f i c u l t y ,  and t h e  evidence suggested t h a t  they were 

success fu l ly  eva lua t ing  t h e  ma te r i a l  on a unidimensional continuum. 

The sca l ing  r e s u l t s  were i n  accordance with convent ional  

use of t h e  terms employed', a t  least  f o r  "extreme" forms. 

a h ighly  concave form i s  given a s c a l e  value corresponding t o  i t s  

appearance; a jagged rough o u t l i n e  i s  assigned a s c a l e  value 

showing a high degree of i r r e g u l a r i t y ,  e t c .  For in te rmedia te  

shapes it i s  not as easy t o  d i s c e r n  the form proper ty  used i n  

ass igning  a sca le  va lue .  An i n t e r p r e t a t i o n  i n  keeping with t h i s  

f i n d i n g  i s  t h a t  the  c e n t r a l  s c a l e  va lues  of 2 ,  3 or 4 a r e  i n  a c t u a l i t y  

T'neutrall l  r e l a t i v e  t o  t h e  extreme p o i n t s  which a r e  used t o  d e f i n e  

t h e  proper ty .  

p r o p e r t i e s  can be made i n  terms of b ipo la r  s ta tements  of extremes 

i n  t h e  property continuum. 

used by Osgood (1952)  i n  dev i s ing  a s t a t i s t i c a l l y  def ined  '?space" 

which can be used i n  eva lua t ing  t h e  meaning of v e r b a l  and p i c t o r i a l  

s t i m u l i .  

F o r  example, 

I f  t h i s  i s  a c t u a l l y  t h e  case ,  d e f i n i t i o n s  of t h e s e  form 

This  technique has  been success fu l ly  
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A: Samples given intermediate r a t i n g s  by some observers.  

F i g u r e  34 

Cloud Outlines Used i n  S t r a iqh tness  Study 
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B: Samples r a t e d  a t  curved end of scale by a l l  s u b j e c t s  

3 
C: Samples r a t e d  a t  s t r a igh t  end of scale by a l l  s u b j e c t s  

F i g u r e  34: (Continued ) 
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Transformed 
Sca le  
Values 

(Most s t r a i g h t )  100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

(Leas t  s t r a i g h t )  0 

Or ig ina l  
Scale 
Values 

2.30 

2.18 

2.06 

1.94 

1.82 

1.70 

1 .58  

1.46 

1.35 

1.23 

1.11 

*Pic tures  shown i n  F i g u r e  

. 

Scaled 
Ranking i n  
Order of 
S t r a i g h t n e s s :  
P i c t u r e  
Number9; 

- 1  

-' 2 

3 

4 
5 

6 

3 4A 

Figure 35 

Resul t s  of S t r a igh tness  Study 

28.3 



I 4 

A: Samples given in te rmedia te  r a t i n g s  by some observers .  

F i g u r e  36 

Cloud Outlines Used i n  Convexity Study 

. 
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B: Samples ra ted atmnoave end of scale  by a l l  subjects 

C :  Samples rated a t  convex end of scale  by a l l  subjects 

Figure 36 : (Continued ) 
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Transformed 
Sca le  
Values 

(Least  convex) 100 

90 

80 

70 

60 

50 

40 

30 

20 

1 0  

(Most convex) 0 

O r  ig ina  1 
Scale  
Values 

4.60 

4.30 

4.01 

3.71 

3.41 

3.11 

2.82 

2.52 

2.22 

1.93 

1.63 

Scaled 
Ranking i n  
Order of 
Convexity : 
Pic tu re  
Number" 

1 

r 

b 

*Pictures  shown i n  Figure 36A 

Figure 37 

Resul t s  of Convexity Study 
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